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_Extensive changes have been made to the fifth edition of the RF Data Manual. ‘Most important of 
acquired by Motorola in March, 1988 (formerly the RF Devices Division of TRW). a 

The large increase in the number of devices, both discrete. devices and amplifiers, has necessitated 
publishing the RF Data Manual in two volumes. We have arbitrarily decided to include all Discrete. 
transistors in Volume 1 (along with the Discrete portion of the RF Selector Guide) and all other devices, 
primarily Amplifiers, in Volume 2. 7 

Also in Volume 2 is a greatly expanded section on Applications. The many diverse Application Notes 
from Bordeaux and Lawndale personnel have been integrated along with the previously available 
Phoenix Application Notes and Engineering Bulletins to form one of the most comprehensive groups 
of RF application information available in the industry tony... 

HOW TO USE THIS RF DATA MANUAL: — 

Note that all devices in a given section — Discrete Transistors, Amplifiers and Tuning Diodes — 
are organized in conventional alphanumeric order. | 

If you know the part for which you desire technical data, simply turn to the appropriate page in 
Volume 1 or 2. If you are seeking a replacement for a competitor's part, then use the Cross Reference 
in Volume 2 to find the Motorola recommended replacement. If you have a requirement for a specified 
frequency band, then use the Selector Guide (in both Volumes 1 and 2) to find a suitable pa with 
the desired voltage, output power, gain or other requisite characteristic. | 

Although information in these books has been carefully checked, no responsibility for inaccuracies 
can be assumed by Motorola. Please consult your nearest Motorola Semiconductor sales office for 
further assistance regarding any aspect of Motorola RF Products. 

Motorola reserves the right to make changes without further notice to any products herein to improve. 
reliability, function or design. Motorola does not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does it convey any license under its patent 
rights nor the rights of others. Motorola products are not authorized for use as components in life 
support devices or systems intended for surgical implant into the body or intended to support or sustain 
life. Buyer agrees to notify Motorola of any such intended end use whereupon Motorola shall determine 
availability and suitability of its product or products for the use intended. Motorola and (@) are registered 
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opponunltyatimnealive Action 
Employer. 
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_ First Printing 
©MOTOROLA INC., 1988 

| Previous Printing ©1986 
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DATA CLASSIFICATION 


Product Preview 7 
Data sheets herein contain information on a product under development: Motorola reserves the 
right to change or discontinue these products without notice. 


Advanced Information | | 
Data sheets herein contain information on new products. Specifications and information are subject 
to change without notice. 


Formal 
For a fully characterized device. there must be devices in 1 the "warehouse and price ‘suithotization: 


Designer's 7 

_ The Designer’s Data Sheet permits the design of most Circuits entirely fom the information pre- 

sented. Limit curves — representing boundaries ¢ on device characteristics — are even) to facilitate 
“worst case” design. : 


Designer's, Epicap, MACRO-T, MACRO-X and TMOS are trademarks of Motorola Inc. 
Annular Semiconductors patented by Motorola Inc. 


AMPLIFIERS 


Device Number 
ABC900-60E 
ACR900-30E 
ACR900-30U 
AMR88-60 
AMR175-60 
AMR225-60 
AMR440-60 
AMR470-60 
AMR900-30 
AMR900-60 | 
AMRS900-60A 
AMR960-35E 
AMR960-35HE 
AMR960-35HU 
AMR960-35U 
AMR960-70E 
AMR960-70U 
ATV5030 
ATV6030 
ATV7050 
CA900,H 
CA2101,R 


CA2201,R 
CA2300,R 
CA2301,R 


CA2418,R 
CA2422 
CA2600 
CA2700 
CA2800,B,H 
CA2810,B,H 
CA2812,H 
CA2813,B,H 
CA2818,H 
CA2820,H 
CA2830,H 
CA2832,H 
CA2833 
CA2840,H 
CA2842,B,H 
CA2846 
CA2850R,RH 
CA2851R 
CA2870,H 
CA2875R,RH 
CA2876R,RH 
CA2880R 
CA2885,H 


MASTER INDEX 


Description Number 

Linear Power Amplifier .................. Rua as a 5-2 
Linear Power Amplifier ................ 000 e cece 5-3 
Linear Power Amplifier ......................00005 5-4 
Linear Power Amplifier .......................000- 5-5 
Linear Power Amplifier ............... 0.00.00 c0 eee 5-6 
Linear Power Amplifier ...................00, awa Oe 
Linear Power Amplifier ..............000 00.0 ee aee . 5-8 
Linear Power Amplifier .................000 02 aee . 5-9 
Linear Power Amplifier ...........0. 0.0000 e eee eeee 5-10 
Linear Power Amplifier ............0.000 cece eeeaee 5-11 
Linear Power Amplifier ................00 cee eee 5-14 
Linear Power Amplifier ............. Sink tice ees 5-16 
Linear Power Amplifier ............0. 0.0000 eee Pei STL 
Linear Power Amplifier ............... 0.00000 cue 5-18 
Linear Power Amplifier ..................... igedene 5-19 
Linear Power Amplifier ............ 0.0.0. 0000 cca ee 5-20 
Linear Power Amplifier ...............000 cucu eves 521 
Linear Power Amplifier ...................00.. vive. 5-22 
Linear Power Amplifier ................ 000000. eae Oreo 
Linear Power Amplifier ............00 00 eee eee cues 5-26 
VHF/UHF CATV Amplifiers ........... 0.0... cee 5-28 
35-Channel (300 MHz) CATV Input/Output Trunk 

PINDINIGIS2e Sikh aa ioe oot adote soa ene) a eamheulem « 5-30 
35-Channel (300 MHz) CATV Input/Output Trunk 

AMINE (Ss, 22-0, 6 nloch,.c eea.aos tate Mea dt a ae 5-30 
35-Channel (300 MHz) CATV Input/Output Trunk 

PIVIDUMCGS cats bey 220 Ao eb hah tl and, Saba Heated 5-31 
35-Channel (300 MHz) CATV Input/Output Trunk 

AMPIMGIS A: vohon time a brid ne eek one aah haat 5-31 
12-Channel (120 MHz) CATV Reverse Amplifiers...... 5-32 
12-Channel (120 MHz) CATV Reverse Amplifier....... 5-33 


35-Channel (800 MHz) CATV Line Extender Amplifier .. 5-34 
35-Channel (8300 MHz) CATV Line Extender Amplifier .. 5-35 


Wideband Linear Amplifiers ...................000. 5-36 
Wideband Linear Amplifiers ..................0000. 5-39 
Wideband Linear Amplifiers ....................0.. 5-42 
Wideband Linear Amplifiers ...................0005 5-45 
Wideband Linear Amplifiers ....................... 5-48 
Wideband Linear Amplifiers ...................0000. 5-51 
Wideband Linear Amplifiers ...................000. 5-54 
Wideband Linear Amplifiers ............. 002000 e eee 5-57 
Wideband Linear Amplifier ....................005. 5-54 
Wideband Linear Amplifiers ..................00040. 5-60 
Wideband Linear Amplifiers ...................005- 5-63 
Wideband Linear Amplifier .................00005 .. 5-63 
Wideband Linear Amplifiers ..................000505 5-66 
Wideband Linear Amplifier ...................00085 5-66 
Wideband Linear Amplifiers ................0000055 5-69 
Wideband Linear Amplifiers ..................00005 5-72 
Wideband Linear Amplifiers ..................00005 5-75 
Wideband Linear Amplifier .....................00. 5-75 
Wideband Linear Amplifiers ....................0.. 5-78 


MOTOROLA RF DEVICE DATA 


V 


MASTER INDEX — continued 


| Page 
Device Number Description Number 
AMPLIFIERS — continued 
CA2890,B,H | Wideband Linear Amplifiers ....................00. 5-79 
CA3101,R 40-Channel (330 MHz) CATV Input/Output Trunk 
AMIENS os n54% a. ab kad oneed 8 0 neck er rk eG ea ae 5-80 
CA3170,R 40-Channel (330 MHz) CATV Input/Output Trunk 
PAVIIDIIN GUS ie ses Senne ata da ao nach kg eae ee or eee aoe 5-81 
CA3180 40-Channel (330 MHz) CATV Input/Output Trunk 
PDO Sse: sre dis tort ee Semen ee ore hh a a Be Sete a 5-82 
CA3201,R 40-Channel (830 MHz) CATV Input/Output Trunk 
AMINGTS <2 en 44 tarde Coote aw enwe whee ees 5-80 
CA3220,R 40-Channel (830 MHz) CATV Line Extender 
AMDUINGIS Ss 254th Dare Sees 6b ee uo ee ed 5-83 
CA3270,R 40-Channel (330 MHz) CATV Input/Output Trunk 
AINDIINGES wank nd tek iia a eee ey apa te 5-81 
CA3280 40-Channel (330 MHz) CATV Input/Output Trunk 
AMONG 52 oles tn alee Pea tes bx eae wee Gey 5-82 
CA3300,R 40-Channel (330 MHz) CATV Input/Output Trunk 
PUD GKS sete sin ease athe er eet) cee ee Bla eae es 5-84 
CA3301,R 40-Channel (330 MHz) CATV Input/Output Trunk | 
| AMPS rae. asPorinceteapad an tntard nate ake Suck andes 5-84 
CA3600 40-Channel (330 MHz) CATV Line Extender Amplifier .. 5-85 
CA3700 40-Channel (330 MHz) CATV Line Extender Amplifier .. 5-86 
CA4101,R 52-Channel (400 MHz) CATV Input/Output Trunk 
PUTIDIMONS! n.d a! 3.5. 2.4008 wert e Ca eine hae dah ane bt Sie 5-87 
CA4170,R 52-Channel (400 MHz) CATV Input/Output Trunk 
AIMDINENS thick aed ato reese ae eee cea kan 5-88 
CA4180 52-Channel (400 MHz) CATV Input/Output Trunk 
AMpNelechrxtavcont ae aches wade ets Gee ees 5-89 
CA4201,R 52-Channel (400 MHz) CATV Input/Output Trunk 
AMDINGIS 4% 2 oe detent tea we weed eae mae Hack 5-87 
CA4220,R 52-Channel (400 MHz) CATV Input/Output Trunk 
PUADINGTS vas Be et dette de Dawes adi Rape ne varies 5-90 
CA4270,R _ 52-Channel (400 MHz) CATV Input/Output Trunk 
AIMDINGIS iittala eee eee etapa peal es 5-88 
CA4280 52-Channel (400 Mhz) CATV Input/Output Trunk 
Amplifier..... er eee ee ee ee ee 5-89 
CA4300,R 52-Channel (400 MHz) CATV Input/Output Trunk : 
AmpufiCNSice cassia Bo eee age ee bauweai ed 5-91 
CA4301,R 52-Channel (400 MHz) CATV Input/Output Trunk 
AMDpINGIS 2462 02c% eats weep i ainacw tenon oer ees 5-91 
CA4411 26-Channel (200 MHz) CATV Reverse Amplifier....... 5-92 
CA4412 26-Channel (200 MHz) CATV Reverse Amplifier....... 5-92 
CA4418,R -26-Channel (200 MHz) CATV Reverse Amplifiers...... 5-93 
CA4422,R 26-Channel (200 MHz) CATV Reverse Amplifiers...... 5-93 
CA4600 52-Channel (400 MHz) CATV Line Extender Amplifier .. 5-94 
CA4700 52-Channel (400 MHz) CATV Line Extender Amplifier .. 5-95 
CA4800,H Wideband Linear Amplifiers ....................055 5-96 
CA4812,H Wideband Linear Amplifiers ................0.0000: 5-99 
CA4815,H Wideband Linear Amplifiers ...................005. 5-103 
CA5101,R 60-Channel (450 MHz) CATV Input/Output Trunk 
AMDINGCSiccaivietee Madea Clee hae he eee 5-105 
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CA5170,R 60-Channel (450 MHz) CATV Input/Output Trunk ! 
7 PIMPIN Sie, fs Peo le edt oe armen coke kale ae he 5-106 
CA5180 60-Channel (450 MHz) CATV Input/Output Trunk 
PAMPIMGT 5 Yor) cease ci supe wat a ataears th ack wae eee We dS .. 5-107 
CA5201,R 60-Channel (450 MHz) CATV Input/Output Trunk — 3 
| | PIMIDINGIS 6 ig ce Came Sak Sb week eit a Rene teeters 5-105 
CA5220,R 60-Channel (450 MHz) CATV Line Extender 
| PMDNMNCIS is Sc oxihed ost tee Soe eee rma pe ana 5-108 
CA5270,R -60-Channel (450 MHz) CATV Input/Output Trunk 
AIM DUNG (Si ease erarn ttt tsa be, ole Saf ecke nated che erates 5-106 
CA5280 | 60-Channel (450 MHz) CATV Input/Output Trunk 
PATIDIMGD esses chor ts esi ei ence Aiea aa Ne heats 9-107 
CA5300,R | ~ 60-Channel (450 MHz) CATV Input/Output Trunk 
PUIDIINGTS ie ara nti h nea ee ease Sarak sa ane ea BE ae 2 5-109 
CA5301,R 60-Channel (450 MHz) CATV Input/Output Trunk 
7 AIMIDINIGTS os fat oa olde ace A tnt ede ead Mica Adie « 5-109 
CA5501,R 60-Channel (450 MHz) CATV Line exenees 
| Amplifiers .......0... 0.0. cece ee ede eee e ee neauas 5-110 
CA5520,R 60-Channel (450 MHz) CATV High Output Doubler 
| AMPINGIS ss 2eie waowea et entan dea ei aed eordies hoes 2 5-111 
~ CA5600 60-Channel (450 MHz) CATV Line Extender Amplifier .. 5-112 
CA5700 60-Channel (450 MHz) CATV Line Extender dace . 5-113 
CA5800,H Wideband Linear Amplifiers ............6...... aoeee 5-114 
CA5815,H Wideband Linear Amplifiers ..................0000, 5-118 
CA6101 _ 77-Channel (550 MHz) CATV Input/Output Trunk 
. §  PAWIDINICT 8 ented ots eee aa AM oll hh aor eoaee 4 5-122 
CA6201 77-Channel (550 MHz) CATV Input/Output Trunk 
PANG: eat cick os ae x8 Getic etsy atace sar eae oe 5-122 
CA6220 7T- Channel (550 MHz) CATV Input/Output Trunk 
| AMDUNGKiscng ange Ooh babs beeen dete pen Phe ad 5-123 
CA6501 77-Channel (550 MHz) CATV Input/Output Trunk | 
| PRUE ao. 20 he elo ds GB, Sew or oes ane ecg de ee 5-124 
CA6520 77-Channel (550 MHz) CATV High Output Doubler 3 
| AMBINGEs 23.444 240 ata pete Sea eee OSNa ee ee-ae 5-125 
CAB914 UHF CATV Amplifier....... eid ba pay oe ural eevee OT 12 O. 
CR2424,H Video Driver Hybrid Amplifiers ..................... 5-127 
CR2425 | Video Driver Hybrid Amplifier ...................... 5-127 
DHP02-36-40 Linear Power Amplifier ..............--2200 cece eee 5-129 
DHP05-18-20 Linear Power Amplifier ................. 0-2 e eens 5-130 
DHPO05-36-10 Linear Power Amplifier .............. 0000 c ee eee eee 5-131 
DHP10-14-15 Linear Power Amplifier ..............0 00. eee 5-132 | 
DHP10-32-08 Linear Power Amplifier ........6..0.. 000.0 c ee eee aes 5-133 
_ FF224 550 MHz CATV Feedforward Amplifier Sore tees eee 5-134 
MHW590 Low Distortion Wideband Amplifier.................. 5-136 
MHW591 : Low Distortion Wideband Amplifier.................. 5-139 
MHW592 Low Distortion Wideband Amoplifier.................. 5-142 
MHW593 ~ Low Distortion Wideband Amplifier.................. 5-145 
MHW607 Series VHF Power Amplifiers. 0.0.0.0... 0.02 eee ee 5148 
MHW707 Series UHF Power Amplifiers. ............ 00. ee eee eee 5-152 
MHW/709 Series UHF Power Amplifiers................. Minted 5-157 
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AMPLIFIERS — continued | 


~ MHW710 Series 
MHW720 Series 
MHW720A1 Series 
MHW802 Series 
MHW803 Series 
MHW806A Series 
MHW812A3 

MHW820 Series 
MHW1134 
MHW1171R, MHW1172R 
MHW1184 

MHW1224 

MHW1244 

MHW1343, MHW1344 
MHW3171, MHW3172 


MHW3181, MHW3182 


MHW83222 

MHW3342 

MHW5122A 

MHW5141A, MHW5142A 


MHW5162A 
MHW5171A, MHW5172A 


MHW5181A, MHW5182A 


MHW5185 

MHW5222A 
MHW5272A 
MHW5332A 
MHW5342A 
MHW5382A 
MHW6122 


-MHW6141, MHW6142 
MHW6171, MHW6172 
MHW6181, MHW6182 


MHW6185 
MHW6222 


MHW6272 
MHW6342 
MHW10000 Series 
MWA0204 
MWA0211,L 
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Page 
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UHF Power AmplifieS <. si) 6s. csc.0 eed eee oie a ees . 5-161 
UHF Power Amplifiers.............0 000. c eee eee eee 5-165 
UHF Power Amplifiers. .........0 0.00.00 eee eee 5-169 
UHF Power Amplifiers................ 0000 eee eee 5-173 
UHF Power Amplifiers............ 0.0. c eee eee ees 5-177 
UHF Power Amplifiers. ..........0....000 cc evens 5-182 
UHF Power Amplifier............0. 0... 0c cece eee eee 5-187 
UHF Power Amplifiers...........0 0.0.00. cece ees 5-191 
CATV High-Split Reverse Amplifier.................. 5-196 
Negative Supply Voltage CATV Trunk Amplifiers ...... 5-198 
CATV High-Split Reverse Amplifier.................. 5-196 
CATV High-Split Reverse Amplifier.................. 5-196 
CATV High-Split Reverse Amplifier.................. 5-196 
Two-Section CATV Line Extender Amplifiers....... ... 5-200 
40-Channel (830 MHz) CATV Input/Output Trunk | 

AMDINCIS 4 vat oer 6 tet cet oe awe a See eewras 5-202 
40-Channel (330 MHz) CATV Input/Output Trunk 

AMDINNGIS# on: cede babar sos & craw hd eee a ees 5-204 
40-Channel (330 MHz) CATV Trunk Amplifier......... 5-206 
40-Channel (330 MHz) CATV Line Extender Amplifier .. 5-208 

~ 60-Channel (450 MHz) CATV Trunk Amplifier......... 5-210 
60-Channel (450 MHz) CATV Input/Output Trunk | 

AIMDUWICIS: 5.504 cork @ eons 8 aide a. baie, Bh forces are eee 5-212 
60-Channel (450 MHz) CATV Trunk Amplifier......... 5-214 
60-Channel (450 MHz) CATV Input/Output Trunk 

AMDINCS: 22246. dc8024 eet coe be eee eee end 5-216 
60-Channel (450 MHz) CATV Input/Output Trunk 

ATIDINGTS is2 5s kivech acs Saseteieale sweet he ie Gave 5-218 
High Output Doubler 450/550 MHz CATV Amplifier .... 5-220 
60-Channel (450 MHz) CATV Trunk Amplifier......... 5-223 
60-Channel (450 MHz) CATV Line Extender Amplifier .. 5-225 
60-Channel (450 MHz) CATV Line Extender Amplifier .. 5-227 
60-Channel (450 MHz) CATV Line Extender Amplifier .. 5-229 
60-Channel (450 MHz) CATV Line Extender Amplifier .. 5-231 
77-Channel (550 MHz) CATV Input/Output Trunk 

AMpDINGPacc4.2-4 See P86 oe.G i phar ae het Gna yo 5-233 
77-Channel (550 MHz) CATV Input/Output Trunk 

AMDpINGIS siginvtie sia ies be eed hehe ae BRS ae 5-235 
77-Channel (550 MHz) CATV Input/Output Trunk 

AMPUINGIS <. voce neces nus Bele aoe baa hoe 5-237 
77-Channel (550 MHz) CATV Input/Output Trunk — 

Amplifiers ..... Peak a mo enneicnel, Sth tae Rhone ase enn eis 5-238 
High Output Doubler 450/550 MHz CATV Amplifier .... 5-220 
77-Channel (550 MHz) CATV Input/Output Trunk 

AMpliiGtiGrist toad ite nh ae ees eae tea 5-240 
77-Channel (550 MHz) CATV Line Extender Amplifier .. 5-242 
77-Channel (550 MHz) CATV Amplifier.............. 5-243 
Broadband RF Amplifiers ................0022000 0 5-244 
Monolithic Microwave Integrated Circuit.............. 5-247 
Monolithic Microwave Integrated Circuits............. 5-247 


Page 


Device Number | - Description . >. Number 
MWA0270 ~ Monolithic-Microwave Integrated Circuit.......... yaa 5247 
-MWAO0304 _. Monolithic Microwave Integrated Circuit... ... ee (yt. Be252 
MWAO0311,L ~ . .. . Monolithic Microwave Integrated Circuits............ , 5-252 
MWAO0370 _ Monolithic Microwave Integrated Circuit...........2... 5-252 
MWA110 — -.. Wideband Hybrid Amplifier.....................0.0. 5-257 
MWA120 >... Wideband Hybrid Amplifier........ Meee Se eee .. 5-257 
MWA130 : | _ Wideband Hybrid Amplifier........................ 5-257 
MWA210 i _. ... Wideband Hybrid Amplifier...................., ... 5-265 
-MWA220 _. Wideband Hybrid Amplifier.................6...... 5-265 
MWA230 Boke Bye _ . .. Wideband Hybrid Amplifier..................... ... 5-265 
MWA3S10 __. Wideband Hybrid Amplifier.....................,.. 5-273 » 
MWA320 E .. .. Wideband’ Hybrid Amplifier.......... foe aan eee D273 
MWA330 | Wideband Hybrid Amplifier............. Wepieieeds O21 
~MWA5121 Wideband Hybrid Amplifier.............0.. ‘ae Chee 261 
MWA5157 As _. + Wideband Hybrid Amplifier. ......... 0.0. ...00. 0000. 5-285 
_MX20 Series -.°-. UHF Power Amplifiers............. ee ae eee. 5-289 
PAM0810-24-3L. : _ -. Linear RF. Power Amplifier ................ Lae See ee 6-292 
SHP-02-36-20 Linear RF Power Amplifier .................00.. ... 5-293 
SHP05-20-10 _ Linear RF Power Amplifier ......... bik yaa Wie academe 5-294 
~ SHP05-22-04 | Linear RF Power Amplifier ..... Serre Pee 2h. wir, 5-295 
SHP05-35-04 Linear RF Power Amplifier ............ oa ea eiete ah 5-296 
SHP06-18-04 | Linear RF Power Amplifier.......................,. 5-297 
SHP 10-15-08 Linear RF Power Amplifier .....................0.. 5-298 
SHP10-15-08-15 Linear RF Power Amplifier ....................-0.0. 5-299 
SHP10-17-04 Linear RF Power Amplifier .................... .... 5-800 
SHP10-17-04-15 Linear RF Power Amplifier ............... 0000s eee 5-301 
TUNING DIODES | 7 | Oo 
1N5139,A thru 1N5148,A _ Voltage-Variable Capacitance Diodes ............... 6-2 
1N5441A,B thru 1N5456A,B Voltage-Variable Capacitance Diodes ............... 6-5 
_ 1N5461A,B thru 1N5476A,B Voltage-Variable Capacitance Diodes ............... 6-8 
MBD101 ~ Silicon Hot-Carrier UHF Mixer Diode................ 6-11 
MBD201 Silicon Hot-Carrier Detector and Switching Diode...... 6-13 
MBD301 Silicon Hot-Carrier Detector and Switching Diode...... 6-13 
-MBD501 High-Voltage Silicon Hot-Carrier Detector and 
Switching DiOde’s vidas auswar pa rane eacetna ened 6-15 
MBD701 High-Voltage Silicon Hot-Carrier Detector and 
| Switching Diode......... 0... ee eee 6-15 
MMBD101 Silicon Hot-Carrier UHF Mixer Diode ................ 6-11 
MMBD201 : Silicon Hot-Carrier Detector and Switching Diode...... 6-13 
MMBD301 Silicon Hot-Carrier Detector and Switching Diode...... 6-13 
MMBD501 | High-Voltage Silicon Hot-Carrier Detector and | 
| Switching Di0de': 25. s-i2<eiwadeies eke dren eens 6-15 
MMBD701 High-Voltage Silicon Hot-Carrier Detector and 
' Switching Diode... 2... 6... eee 6-15 
MMBV105G Voltage-Variable Capacitance Diode ................ 6-17 
MMBV109 | Voltage-Variable Capacitance Diode ................ 6-19 
MMBV432 Dual Voltage-Variable Capacitance Diode............ 6-21 
MMBV2101 thru MMBV2109 Voltage-Variable Capacitance Diode ................ 6-23 
MMBV3102 — Voltage-Variable Capacitance Diode ................ 6-26 
MMBV3401 Silicon PIN Switching Diode.................. aus 6-28 
MMBV3700 Silicon PIN Switching Diode ................. ee 6-30 
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i | Page 
Device Number rae Description | Number 
~ MPN3404 | Silicon PIN Switching Diode .....................6. 6-32 
-. MPN3700 - Silicon PIN Switching Diode ........ edie ean Eaton at 6-30 
~MV104 | _. Dual Voltage-Variable Capacitance Diode............ 6-34 
~ MV105G : | Voltage-Variable Capacitance Diode ............. ara eh OSd T- 

-MV209 Voltage-Variable Capacitance Diode ................ 6-19 

MV1401,H High Tuning Ratio Voltage-Variable Capacitance ee 

Diodes ............. ee ee ee re ary ae 6-36 

MV1403,H , High Tuning Ratio Voltage- -Variable Capacitance 
oe | | t DIOdOS) 0s ae cd ace rad eae erate ue a ses 6-36 
| MV1404,H Se tym ae | High Tuning Ratio Voltage- -Variable Capacitance a 

as . Sas DIOUGS 25. ao ere aes Po eae A ey el deat 6-36 

MV1405, H * “ Sse High Tuning Ratio Voltage- -Variable Capacitance me 

oe Pg a DIOGCS kes Bs eo Peo ce aaa ge O86 

Mv2101 thet Mv21 15 _ Voltage-Variable Capacitance Diode ....... Pe studs .. 6-23 © 

MVAM108, MVAM109 : - Tuning Diodes with Very High Capacitance Ratio...... 6-38 

MVAM115— Tuning Diode with Very High Capacitance Ratio. ..... . 6-38 


me MVAM125 - os Tuning Diode with Very High Capacitance Ratio....... 6-38 
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High Power | | 
Land Mobile/Profile .............. Lach aan in sane a Nae Mie coh al ate RN 4-3 
136-174 MHz, VHF Band — ClassC.... 0... ee 4-3 
400-512 MHz, UHF Band — Class C........... 00.0. e cence 4-3 
806-960 MHz, UHF Band — Class C.......... 0.0.0... eee eee .. 43 
ASC SIAUOM sri s be Seeger khan se aati ee Gee oe ee en oe ee a eee 4-4 
68-225 MHz Band — Class AB............ Dat a nied aeaes ee aa & ie 4-4 
400-512 MHz Band — Class AB........ 0.00000... ee eee 4-4 
806-960 MHz Band — Class A and/orAB .............. 00.0.0 cee een 4-4 
We Me MIT NLS Ss va ce ge gree Gk 5 a aot can Boks ea lah beta elise St oat gn eterede eile aie oyeheins. ace 4-5 
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RF Amptifiers 


High Power 


Complete amplifiers with 50 ohm in/out impedances are available for a variety of applications including land mobile radios, 
base stations, TV transmitters and other uses requiring large-signal amplification, both linear and Class C. Frequencies covered 
range from 66 MHz to 960 MHz with power levels extending to 70 watts. 


Land Mobile/Portable 


The advantages of small size, reproducibility and overall lower cost become more pronounced with increasing frequency of 
operation. These modules offer a wide range in power levels and gain, with guaranteed performance specifications for bandwidth, 
stability and ruggedness. at 


136-174 MHz, VHF BAND — Class C 


Pout Pin f Gp 
Output Power Input Power Frequency Power Gain 
Device Watts Waits MHz dB Min Package/Style 


400-512 MHz, UHF BAND — Class C 


MHW709-1 ~~ 400-440 700-03/1 
MHW709-2 440-470 700-03/1 
MHW709-3 -470-512 700-03/1 
MHW710-1 400-440 700-03/1 
MHW710-2 440-470 - 700-03/1 
MHW710-3 470-512 700-03/1 
MHW720-1 400-440 -700-03/1 — 
MHW720-2 : 440-470 ; - * 700-03/1 
MHW720A1 (16) 400—440 . 700-03/1 
MHW720A2 (16) 440-470 700-03/1 
MX20-1 y ; 400-440 | 830-01/1 
MX20-2 440-470 — 830-01/1 
MX20-3 470-490 = ~ 830-01/1 


806-960 MHz, UHF BAN 


MHW806A2 (16) 806-870 301H-03/1 
MHW806A3 (16) , 890-915 301H-03/1 
MHW806A4 (16) 870-960 301H-03/1 


301H-03/1 
MHW820-3 : : 301G-03/1 
MHW820-1 ; 301G-03/1 
MHW820-2 806-890 301G-03/1 


(1) To be introduced 
(16) Designed for Wide Range Poyt Level Control 


New introductions 
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RF AMPLIFIERS (continued) 


Base Station 


The convenience of complete amplifiers for base station transmitters is offered for many popular two-way radio bands from 
mid-band (66 to 88 MHz) through the high-UHF bands (806-960 MHz). Power levels to 70 watts are available operating from 
24 to 28 volt supplies. Many amplifiers offer high gain; all provide 50 ohm input and output impedances. 


68—225 MHz BAND — Class AB 


Pout Pin te Gp Vcc 
Output Power input Power Frequency Power Gain {Supply Voltage 
‘Watts _ MHz Volts Package/Style 


AMR88-60 _ 389B-01/1 
AMR175-60 » 389B-01/1 
AMR225-60 180-225 389B-01/1 


389B-01/1 
389B-01/1 


400-512 MHz BAND — Class AB 
AMR440-60 60 12 400-440 7 28 
AMR470-60 | 60 12 440-470 7 28 | 


806-960 MHz BAND — Class A and/or AB 


ACR900-30E : - 890-960 389B-01/1 
ACR900-30U : 870-896 389B-01/1 
AMR900-30 8. 800-960 : 389B-01/1 
AMR960-35E ; 925-960 389B-01/1 
AMR960-35U : 860-900 389B-01/1 
AMR960-35HE 925-960 389B-01/1 
AMR960-35HU ; 860-900 389B-01/1 
ABC900-60E 890-960 389B-01/1 
AMR900-60 800-960 389B-01/14 
AMR960-70E 925-960 389B-01/1 
AMR960-70U 860-900 389B-01/1 


(1) To be introduced 
(29) Dimensions of case outline not final. Consult factory for details. 


New introductions 
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TV Transmitters 


- These amplifiers are characterized 10 ultra- linear apoicaions in Band IV and V ~~ Transat: 


Device | 


ATV5030 
- ATV6030 
ATV7050 


| Frequency 


470-860 
470-860 
470-860 


Gp (Min)/Freq. 
‘| Power Gain 


7.5/860 
10.5/860 
8/860 


Package/ 
Style 
389B-01/1 


- 389B-01/1 
-389B-01/1. 


PAM Series — Ultra Linear | 


PAM devices are class A and class AB linear amplifiers with medium and high output powers in the VHF. and UHF frequency . 
range. They feature a wide dynamic range and a high third order intercept point. These high quality amplifiers are offered in — 
a heavy-duty machined housing and are ideal for applications in instrumentation, communications and electronic warfare. 
VHF BAND — - Class A 


3rd Order 

. aa _ Intercept 
Frequency Mi = en Typ | 
MHz dBm 


Package/ 


Device Style 


UHF BAND — Class A 


PAM0810-24-3L 800-1000 389C-01/1 


PAM0810-24-5LA 
- PAM0810-8-10L 

PAM0810-7-25L 

PAM0810-6-50L 


800-1000 
800-1000 
800-1000: 


389C-01/1 
389E-01/1 
389E-0171 


800-1000 389D-01/1 


PAA Series — Integrated Assemblies 


PAA assemblies are class A Soler with internal power supplies such that operation is from a 115 Vac line. They provide . 
high gain, excellent linearity an can withstand any load VSWR. 


3rd Order 


Device 


PAAO810-24-5L 
PAA0810-38-5LAS 


-PAA0810-32-10L 
PAA0810-31-25L 
PAA0810-40-50L 
PAA0810-54-50LAS 

~ PAA0810-40-50LAM (18) 
PAA0810-54-50LSM 


(17) Composite triple beat in. dB. Tones — 8, 


| Frequency 


. MHz 
800-1000 


115 Vac 


800-1000 © 


800-1000 
800-1000 
800-1000 


800-1000 


800-1000 
800-1000 


—11, —16 dB 


115 Vac 
115 Vac 
115 Vac 


415 Vac 


(18) Includes directional wattmeter, filter and directional coupler 
(29) Dimensions of case outline not final. Consult factory for details. 


MOTOROLA RF DEVICE DATA 


4-5 


115 Vac 
115 Vac 
115 Vac 


intercept 


Typ - 
dBm _. 


. Package/ 


Style 


389F-01/1 
389F-01/1 
389F-01/1 
389F-01/1. 


Low Power 


The following categories describe a wide range of complete amplifier assemblies. both hybrid and monolithic for use in CATV. 
distribution systems, instrumentation, communications and military equipment. A x Variety of power levels and frequencies of 
operation are offered for many applications. 


CATV Distribution 


Motorola Hybrids are manufactured using fourth generation technology which has set new standards for CATV system 
performance and nae These hybrids have been optimized to provide premium performance in all CATV systems up to 
77 channels. 


HYBRIDS UP es 40 CHANNELS AND 330 MHz 

Maximum Distortion Specifications . eS 
. Noise 
Composite Cross Figure 


Hybrid | ple! Beat ee @ an MHz 


Gain. 
(Nominal) 


MHW1121 
MHW1122 
CA3180 
CA3280 
CA2101 (19) 
CA2201 (19) 
CA3101 (19) 
CA3201 (19) 
CA3170 (19) 
CA3270 (19) 
MHW3171 
MHW3172 
MHW3181 
MHW3182 
CA3220 (19). 
CA2300 (19) 
CA3300 (19) 
CA2301 (19) 
CA3301 (19) 
MHW3222 

‘MHW3272A 
CA2600 
CA3600 
MHW3342 
-CA2700 
CA3700 
MHW3382A 


Channel 
Loading 
_ Capacity 


2nd Order 
Test (20) 
dB 


Package/Style 


714-04/1 
714-04/1 
714F-01/1 
714F-01/1 
- 714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 
--714F-01/1 
714F-01/1 
714-04/1 
714F-01/1 
714F-01/1 
714-04/1 


(19) Available in negative supply vonage: version by placing the suffix “R” after the device number. Case number/style for “R” suffix devices is 714H- 01/1. 


(20) Channels (2 and 13) @ R 
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HYBRIDS UP TO 60 CHANNELS AND 450 MHz 


CA4180 
CA5180 
CA4280 
- CA5280 
MHW5141A 
MHW5142 
MHW5142A 
CA4101 (19) 
CA4170 (19) 
CA4201 (19) 
CA5170 (19) 
CA4270 (19) 
CA5270 (19) 
MHW5171 
MHW5171A 
MHW5172 
MHW5172A 
CA5101 (19) 
CA5201 (19) 
MHW5181 
MHW5181A 
MHW5182 
MHW5182A 
CA4220 (19) 
CA5220 (19) 
CA4300 (19) 
CA5300 (19) 
CA4301 (19) 
CA5301 (19) 
MHW5222 
MHW5222A 
MHW5272A 
CA4600 
CA5600 
MHW5342 
MHW5342A 
CA4700 
CA5700 
MHW5382 . 
MHW5382A 


Hybrid 
Gain 
(Nominal) 


Channel! 
Loading 
Capacity 


2nd Order 
Test (21) 


Composite 
Triple Beat 


dB 


CH 


Maximum Distortion Specifications 


Cross 
Modulation 


Noise 
Figure 


@ 450 MHz 


Package/Style 


714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 
714-04/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 
714-04/1 
714F-01/1 - 
714F-01/1 
714-04/1 
714-04/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 


(19) Available in negative supply voltage version by placing the suffix “R” after the device number. Case number/style for “R” suffix devices is 714H-01/1. 
(21) Channels (2 and M13) @ M22 


MOTOROLA RF DEVICE DATA 


4-7 


LOW POWER (continued) 


HYBRIDS UP TO 77 CHANNELS AND 550 MHz 


Maximum Distortion Specifications 


Composite 


Channel 2nd Order oe Nal 


Loading Test (22) 


Hybrid 
Gain 
(Nominal) 


Capacity 77 CH 


MHW6141 
MHW6142° 
MHW6171 
MHW6172 


Cross 


Modulation 


dB 


Noise 
Figure 
@ 550 MHz 
dB 


Package/Style 


714-04/1 
714-04/1 
714-04/1 
714-04/1 


714F-01/1 

714F-01/1 
714-04/1 
714-04/1 

714F-01/1 
714-04/1 


CA6101 (19) 
CA6201 (19) 
MHW6181 
MHW6182 
CA6220 (19) 
MHW6222 


HYBRIDS UP TO 860 MHz 


Gain Frequency Vcc 

_  -Device dB MHz Volts 
CA900 © 17 40-900 24 
CAB914 23 470-860 24 


REVERSE AMPLIFIER HYBRIDS 


Composite 
Triple Beat 
dB 
@ DIN/Freq. 
(dBuV/MHz) 


—~60 
(115/900) 

—52 
(121/860) 


NF 
@ 860 MHz 


Package/Style 
714P-01/2 


830A-01/1 


Maximum Distortion Specifications 


Noise 
Figure 
@ 175 MHz 


Cross 
Modulation 


Composite 
Triple Beat 


dB 


2nd Order 


Package/ 
Style 


714F-01/1 
714F-01/1 
714-04/1 
714F-01/1 
714F-01/1 
714-04/1 
714F-01/1 
714F-01/1 
714-04/1 
714-04/1 


CA4411 (19) 
CA4412 (19) 
MHW1134 
CA2418 (19) 
CA4418 (19) 
MHW1184 
CA2422 (19) 
CA4422 (19) 
MHW1224 
MHW1244 


(13) Typical ae 

(19) Available in negative supply voltage version by placing the suffix ““R” after the device number. Case number/style for “R” suffix devices is 714H-01/1. 
(22) Channels (2 and M30) @ M39 

(23) Channels (2 and A) @ 7 
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450/550 MHz POWER DOUBLING HYBRIDS 


_. . Maximum Distortion Specifications 
Noise 


Composite Cross Figure 


Hybrid : : 
Gain Channel snavOrder pie Beat gee @ 450/550 MHz 


(Nominal) | Loading Test 
Device dB Capacity dB Package/Style 


CAS5O1 (19) | 714F-01/1 


CA6501 (19) , . 714F-01/1 
MHW5185 , 714-04/1 
MHW6185 3 714-04/1 
CA5520 (19) 714F-01/1 
CA6520 (19) | | 714F-01/1 


Noise 


Hybrid Composite Cross Figure 
Gain Rianne Output | 2nd Order Tee er @ ie MHz 
(Nominal) | Loading Level Test 


dBmv dB | 60 CH | 77 CH | 60 CH | 77 CH 
+46 — 84 —79 —75 
+44 ~86 —75 -70 


General Purpose Wideband 


Package/Style 


825-01/1 
825-01/1 


_ Device Capacity 


A wide range of hybrid and silicon monolithic amplifiers is offered for low level signal amplification. Package type, gain, 
frequency of operation, output level and supply voltage combinations can be selected to fit the design engineers Sbecnle 
requirements. 


50 (2 HYBRIDS (Case 31A-01/2) 


The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain 
lineups. Construction techniques include thin film gold metal circuitry and hermetic TO-205AD package. MWA devices processed 
similarly to MIL-S-883, Method 5004.4, Class B, are available to special order. 


‘Frequency i Supply Output Level Noise Figure 
Range Voltage 1 dB Compression @ 250 MHz — 
MHz i Vdc. dBm dB 


MWA110 0.1—400 
MWA120 0.1—400 
MWA130 0.1—400 
MWA210 0.1-600 
MWA220 0.1—-600 
MWA230 0.1-600 
MWA310 0.1-1000 
MWA320 0.1-1000 
MWA330 0.1-1000 
(1 i Available in negative supply voltage version by placing the suffix “R” after the device number. Case number/style for “R” suffix devices is 714H-01/1. 


(21) Channels (2 and M13) @ M22 
(22) Channels (2 and M30) @ M39 
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LOW POWER (continued) 


50 0-75 © HYBRIDS (Case 790-01/1) 
The Case 790-01 amplifiers feature high gain with low noise, low input and output VSWR and excellent gain flatness to 1 GHz. 
Three amplifier stages are constructed using SOT-23 packaged devices mounted on thick film circuit substrates. 


Frequency i Supply Output Level Noise Figure 
Range Voltage 1 dB Compression @ 250 MHz 
MHz i Vde dBm dB 


50 0-100 © HYBRIDS (Case 714-04/1) 
The general purpose hybrid amplifiers listed are for broadband system applications requiring superior gain and current stability 
with temperature. The 50 to 100 ohm input and output impedances help simplify designs. 


Frequency i Supply Output Level Noise Figure 
Range Voltage 1 dB Compression @ 250 MHz 
MHz i Vdc mW/f (MHz) dB 


MHW591 34.5/36.5 700/100 
MHW593 ——-33/34.5 : 600/200 
MHW5s0 31.5/34 800/200 
MHW592 33.5/35 900/100 


50 O MONOLITHIC 
These monolithic amplifiers are fully cascadable and usable to frequencies over 3 GHz. External blocking capacitors are required 
along with an external bias resistor. Hermetic versions are available to special order in Case 303-01. 


Frequency i Noise Figure 
Range @ 1500 MHz 


MHz dB 
Case 317-01/3 | | 


MWA0204 
MWA0304 


DC-—3000 
DC-—3000 


Case 318A-04/4, Case 318B-03/4 
MWA0211,L 


DC-3000 


Case 303A-01/3 


MWA0270 
MWA0370 


DC-3000 
DC-3000 


(1) To be introduced 


New introductions 
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| STANDARD LINEAR HYBRIDS 


The CA series of RF linear hybrid amplifiers consists of a family of medium power, broadband gain blocks in the CATV industry 
standard “CA” package (Case 714F-01). These amplifiers were designed for multi-purpose RF applications where linearity, 
dynamic range and wide bandwidth are of primary concern. Each amplifier is available in various package options. For “bent 
pin option,” add suffix “B” to part number. For “hermetic package option,” add suffix “H” to part number. Four parts are 
available, as indicated, in a low profile package. . “* s . a . 


Consult the table below for case number and Style for bent pin and hermetic package options. 


3rd Order 


Gain | | . ese Intercept . 
an Flatness |. Gain/Freq. NF/Freq. | Point/Freq. VSWR — 
‘Device +dB |. dB/MHz: dB/MHz | dBm/MHz | 50 22/75 © 


CA2800 _ |-- 17/50 - 29 8.5/300 — 44/300 24/200 
CA2810 : 33/50 8/300 43/300 24/300 
CA2812 1.5 -1 30/100 : 8/500 34/500 3 | 12/330 
CA2813 2 34/50 | 5/300 40/300 | 2/13 | 15/160 
CA2818 = | - 18.5/50 5.5/150 47/150 | o2/1. 24/205 
CA2820 30/100 ; 8/500 ~| 37/500 | 24/330 
CA2830 (30) -. 34.5/100 4.7/200 46/200 24/300 
CA2832 _ | - 35.5/100 6/200 47/200 28/435 
CA2838 75 | © 18.5/50 “29, 4.5/20 48/50 a 24/205 
CA2839 75 | 15/50 — —— — |. : 24/205 
CA2840 — 7 22/100 . 5/100 46/300 2/1.3 | 24/230 
CA2842 (31) | | 22/100 5/100 46/300 24/230 
CA2850R (32) 0.2, 17.5/100 - |. 4.5/70 40/70 — 19/125 
CA2870 34/100 7.5/400 45/300 24/300 
CA2875R 2 17.5/100 4.5/70 43/70 , — 19/155 
~CA2876R (33) ° 3 | 22/100 sa OD 3/70 36/70 2 | —19/73 
CA2882 34/50 6/500 46/100 24/310 
CA2885 17.7/50 | -|. 7/500 43/500 . 3-. | 24/425 
CA2888 35.5/30 4.5/50 43/50 24/435 
CA2889 36.5/30 8. 4.5/50 40/50 12/300 | 
CA2890 38.5/50 » 6/450 40/450. 3° | 24/320 
CA2891 2 | 22.5/50 4.5/50 40/50 12/150 
CA4800 17/100 } 7.5/1000 40/1000 - | 24/220 
CA4812 : : 17/100 _ 7.5/1000 40/1000° 12/380 
CA4815 | 17/100. | 7.5/1000 40/1000 15/380 
CA5800 15/100 8.5/1000 | 43/1000 28/400 
CA5815 Sa 16/100 8/1000 43/1000 3 - | 15/700 


(30 
2 


) To order in, low profile, order CA2833. Case Style is 714G-01/1 
(31) To order in low profile, order CA2846. Case Style is 714G-01/1___. 
(32) To order in low profile, order CA2851R. Case Style is 714L-01/1 - 
(33) To order in low profile, order CA2880R. Case Style is 714L-01/1 


PACKAGE/STYLE FOR OPTIONS 


... then ...and 
“Bent Pin” “Hermetic” 
Option Option 
Case Number/Style | Case Number/Style 


IS... iS... 
714J5-01/1 826-01/1 
714N-01/1 826-01/3 


if 
Case Number for 
Standard Device 


714R-01/2 826-01/6 
714P-01/3 714R-01/3 826-01/7 
714H-01/1 714K-01/1 826-01/2 
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LOW POWER (continued) 


SHP and DHP Linear 


The SHP and DHP series of linear amplifiers consist of medium power, broadband, high gain amplifiers operating from 15 to 
28 volt supplies. Both their wide dynamic and frequency ranges make them suitable for use in instrumentation, communications 
and military equipments. __. . ar ; ww od = 


SHP (Case 389A-01/1) 


1dB Third Order | Noise 
VSWR _| Compression Intercept Figure 
50 Ohms W @ MHz dBm @ MHz dB @ MHz 


+50 @ 50 5 @ 100 
+43 @ 200 6 @ 200 


+44 @ 300 
+36 @ 550 


5.5 @ 300 


6 @ 450 


2 @ 300 + 48 w 300 - 5 @ 300 - 
1 @ 500 +41 @ 500 6 @ 500 - 


6.5 @ 500 
7.5 @ 1000 


+40 @ 500 6.5 @ 500 ~ 
+39 @ 1000 | 7.5 @ 1000 


0.8 @ 500 +43 @ 500 7.5 @ 500 
0.7@1000 | +42 @1000 | 85 @ 1000 


10-1000 15 2:1 15 V/700 mA | 0.8 @ 500 +43 @ 500 7.5 @ 500 
| 0.7 @ 1000 + 42 @ 1000 8.5 @ 1000 


| 1 dB Third Order Noise 
Gain VSWR Compression Intercept Figure 
(dB) 50 Ohms DC Power W @ MHz | dBm @MHz | dB @ MHz 
DHP02-36-40 _ 1-200 36 2:1 28 V/870 mA | 4 @ 50 +53@50 | 5.5 @ 100 
ia 7 3 @ 200 +46 @ 200 |. 6.5 W 200 
DHP05-36-10 30-500 36 1.5:1 -24 V/600 mA 2 @ 300 +48 @ 300 | 5@300 
| 1@500 | +41 @500 6 @ 500 


DHP05-18-20 30-500 18 1.5:1 24 V/830 mA | 4@ 300 +51 @300 | 5.5 @ 300 
. 2 @ 500 +44 @ 500 6.5 @ 500 
DHP10-14-15 10-1000 14 2:1 28 V/800 mA 1.5 @ 500 +45 @ 500 8 @ 500 
| 1.5 @ 1000 +44 @ 1000 9 @ 1000 

2:1 28 V/600 mA | 0.8 @ 500° +43 @ 500 6.5 @ 500 

| | 0.7 @ 1000 +42 @ 1000 | 7.5 @ 1000 


DHP10-32-08 10-1000 
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CRT Driver 


These complete hybrid amplifiers are specifically designed for CRT driver applications requiring high frequency response and 
high voltage, such as high resolution color graphics video monitors. Gold metallized dice and substrates are used to insure 
high reliability and improved ruggedness. 


Vcc Gain (25) 3 dB BW - Vout (Max) 
Volts V/V MHz Volts Load Package/Style 


CR2424 (24) 6to >20 pF . — 714G-01/1 » 
een 6 to >20 pF 826-01/1 
CR2425 (24) - 6 to >20 pF 714F-01/1 


RF Transceiver Modules 


These modules are designed for use in PC networks handling data rates up to 2 Mbps. Surface mount construction results in 
extremely small size — < 8 square inches of circuit board area. Each module provides high spectral purity and selectivity to 
prevent interference when used with other CATV signals on the cable interconnect system. 


Transmit Input 
Po Transmit Receive Level 
dBmV @ 75 Ohms Freq. Freq. — dBmV @ 75 Ohms 
Typ MHz MHz Typ Package/Style 


(24) Text fixtures available. To order add “TF” suffix to device number 
(25) Insertion gain; 50 ohm source 


New introductions 
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Tuning and Switching Diodes 


Tuning Diodes 
Abrupt Junction 


Voltage variable capacitance diodes for electronic tuning 
and control of RF circuits through UHF frequencies. Utilized 
for television tuning and AFC circuits. . 


TYPICAL CHARACTERISTICS 
Diode Capacitance versus Reverse Voltage 


1000 
ra Lu 
¢ wh i 
= EE ao = = 
<r © im a 
rd x =a 111 
S 2 ee ea 1 
Oe = aa OA 
: Ss Eb mse 
2: Sol ain 
a & Saas seer ie =s—eee 
& rT 4 CCHS 
es Lt insaaia LT 154454 |_| 
| mvie20 [LT wvi6z 
. | i (ee Gt Te ae 
0.6 1 2 4 6 10 20 40 60 0.1 
Vp, REVERSE VOLTAGE (VOLTS) VR, REVERSE VOLTAGE (VOLTS) 


General-Purpose 


vee @ High Q | @ es 30 V e aa eaipeee 
® Capacitance TOL — @ Very High Q e Controlled CR 
10% — No Suffix e@ Guaranteed High CR @ Capacitance TOL 
5% — Suffix A ® Capacitance TOL 10% — A, 5% —B, 2% -C 
10% — A, 5% — B, 2%-—C 
Maximum Working Voltage 
30 Volts | 20 Volts 
ed ye Sed a V Device Device ate aa V Device ate V Device 
(DO-7) C4/C60 | 50 MHz Type Type C2/C30 | 50 MHz Type C2/C20 | 50 MHz Type 
Min Min Min Min Min 

pe2[ [|i 28 | ooo | ansaeza | a8 as0 | ansawzn | 2 | _a00 
p10 [26 | so | inetaoa| 26 | s60 | insiesa | 26 | a00 | inswaoa | 2 | sou 
p12 [28 [200 [insiaia| 20 [550 | insaoaa | 26 | 400 | ansassn [ 2 | a00 
pis [28 | aso | ansiaaa| 20 | 550 | insvosa | 26 | 450 | iNswssa | 2 | aso 
cr [18 [28 | 250 | insraaa 20 | s00 | 1neaesa | 26 | 360 | iNsqea | 2 | 250 
giomnt [ao [ff | 28 | sto | anssera | 26 | o50 | inseava 2 | 0 
pre | @2 | a2 | 200 | inetean| 20 | 500 | ansvesa | 26 | 60 | iNsaawa | 2 | 0 
vasav [| 82 | 200 [ineteea| 20 | so0 | inseroa | 26 | 360 | aNsasoa | 2 | 20 
ret [| | _—'[ 28 | ao | insavan [26 | 200 | iNsassa | 2 
res [ | | [28 | 250 | ansaran [a7 [76 | ineasaa | 2 
pea[ [Tid ae es | ansaren [27 [a5 | ansassa | 2 
Oe [ansasea [2 
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General-Purpose 


Plastic 
CASE 182-02 | @ Low-Cost @ Lower Cost _| © Low-Cost 
| Maximum Working Voltage | 
: 2-Lead TO-92 TO-236AB 
CASE 318-05 K Cap Oo ee ; 
(TO-236AA) a Ne Ratio | @4V | Device | Rati sakes Device 
ra pana ne | Type Cy +20% Type 


MvV2201 | 
oie 
veers 


25 Mv2i11 | 
2.6 MV2112 
z ae 


TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 


MV2205 


m}mlrwle 
on o 


5 
5 
5 
CT 


Nominal 
Capacitance 


NM . 
on 


MV2207 


5 


2 
; 
- 
~ 


27 


ine) 


MV2209 } 2.5 


y{y{rV}[w}[wiw}wl ry} ry] » 
a rat alr ar al as; al; as; ala 


MV2211 


ine) 


47 


400 
350 - 
350 
350 
350 
300 
300 
250 - 
200 


82 


ine) 


300. - 
200 
200. 
150 
150 
100 
100 
50 


68 
82 
Ea 
12 | 
Le 
Led 
| 22 | 
Ea 
| 33 | 
ea) 
al 
eae) 
ce 
| 22 | 
100 


ie) 
io2) 


aah 
i 
| MV221 


Cy, DIODE CAPACITANCE (pF} 


i viv2t05 
Ht mmaveros LUT 
nil il 


Vp, REVERSE VOLTAGE (VOLTS) 
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High Capacitance 


ee / MAXIMUM WORKING VOLTAGE 
(D0-14) / 20 Volts 


Case 182-02 (TO-92) CASE 146-01, DO-204AB (DO-14) 


Cap Q 
Ratio Device c 
C2/C20 Type 
Min 
7 


T 
Nomina i 
omina : MV 1656 
er 
+10% 
VR 24 Vv 
30 


2 
2 
2 
f = 1 MHz 2 


*C2/C15 **Maximum Working Voltage 15 V 


TYPICAL CHARACTERISTICS 
Diode Capacitance versus Reverse Voltage 


Cy, DIODE CAPACITANCE 
Cy, DIODE CAPACITANCE (pF) 


1 2 4 6 8 10 20 
Vp, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 


Dual Diodes : | TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 


CASE 318-05 
TO-236AA 


K 
AM A 
, KY CASE 29-04 


A TO-226AA 
(TO-92) 


®@ High QO 

@ Guaranteed Capacitance 
Range 

@ Monolithic Dual 


Maximum Working Voltage 


32 Volts 


Cy, DIODE CAPACITANCE (pF) 


Tf 25 [100 | wvroeat 
fe [a [26 | 100 | mvs0at 
p28 [00 fmevesa 


(1) Case 29 (2)Case318 *C2/;C8 Vp, REVERSE VOLTAGE (VOLTS) 
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Tuning Diodes Hyper-Abrupt Junction 


For FM Radio —_ TYPICAL CHARACTERISTICS 
and TV. @ High O . 


ay K/A @ Guaranteed Copacitance 
N.C. K A 


Range 
CASE 318-05 CASE 182-02 


Maximum Working Weleoe: 
(TO-236AA) (TO- sa 


Device 
ee a - Type 


seo nes 
300 
= 
=" 


Diode apecibance:y versus Reverse Voltage 


Cy, DIODE CAPACITANCE (pF) 


mv209** 


*Case 318... **Case 182 


For AM Radio. 


CASE 182-0 _ 
we s2) ® High Capacitance Ratio 
® Guaranteed Diode Capacitance 
@ Close Marni 


1/16 


1000 aa 
700 — 
500 — 
= 300} WY S 
S&S 200 YS 
z Pa WN 
Sapp cla ON 2 
a. Ga 6. We WS eee 
Ene eS 
a 70 a AS eS: 
EO ae BEE a PRG Pas Es RS Foe oe fet Pel Sa 


ie 
30 eS ee 
VAM11 
>t MVvaMiog—VaMt5_ [Pr as 


MVAM125__| 
; a 
22 


10 
Vp, REVERSE VOLTAGE WvOLTS} 


For High Capacitance and High Reliability Applications 


100% Screening to High Rel electrical and environmental 
specifications, H suffix. 


CASE 146-01 
DO-204AB a 
(DO-14) _@ Hyper-Abrupt 

@ High Tuning Ratio 


CASE 51-02 ® High Rel — Suffix H 


DO-204AA Maximum Working Voltage © 
, (DO- 7) 
12 Volts 
om Nominal a Device Type 


Nom + oe Volts Case 146 


Cy, DIODE CAPACITANCE (pF) 


N/a 
77 


*£15% — (1)Cap Ratio @ C1/C10 V Vp, REVERSE VOLTAGE (VOLTS) 
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PIN 1. ANODE PIN 1. ANODE PIN 1. CATHODE 


Hot-Carrier (Schottky) Diodes 
a CASE 318-05 
Hot-Carrier diodes are ideal for VHF and UHF mixer and STYLE 8: - STYLE 11: STYLE 19: 
K 


detector applications as well as many higher frequency ap- 
cae ae hie , ee A 2. N.C. 2. CATHODE 2, ANODE 
plications. They provide stable electrical characteristics by CASE 182-02 | 3. CATHODE 3. CATHODE/ 3, CATHODE/ 
eliminating the point-contact diode presently used in many " | _ ANODE ANODE 
applications. . 7 1 x A 3 | 
| 2 
CASE 318-05 TYPICAL CHARACTERISTICS 


Capacitance versus Reverse Voltage 


MBD101 
MMBD101 


CASE 182, STYLE 1 


C, CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (VOLTS) 
*EACH DIODE . 


\ 


\_ MeD201, MMBD201 
6 FX MBD301, MMBD301 


250 MMBD353** 


0 5 0 616 «62006 6-5CH iSSC*S 
Vp, REVERSE VOLTAGE (VOLTS) 


PIN Switching Diodes 


... designed for VHF band switching and general-purpose 
switching. 


le = 10 mAdc 


f = 100 MHz 
Ohms 


CASE 182, STYLE 1 


ee 
ee 
CASE 318, STYLE 8 _* 


_ Cy, DIODE CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (VOLTS) 
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RF Chips 


Ordering and Shipping Information 


Minimum Order Requirements: 

In conjunction with Motorola corporate policy the mini- 
mum order, release or line/line shipment of standard prod- 
uct is $200. 

The minimum order, release or line item shipment of non- 
standard product is $2500 unless otherwise stated at the 
time of quotation, order entry or acknowledgement. 


Packaging: 


Multi-Pak — Motorola supplies all discrete semiconductors 
in the industry standard multi-pak. (Waffle type carrier, Figure 
1.) This is a 2 x 2 or 4 x 4 waffle type carrier with a separate 
hole for each die. Chips are 100% visually inspected with the 
rejects removed. There is no suffix associated with the multi- 
pak carrier. . | 


Circle Pak (CP Suffix) (See Figure 2) — The wafer is placed 
on a sticky film before being sawed. Each wafer is completely 
sawed through with the back side against the PVC film. The 
die stick to the PVC film and maintain exact wafer orientation 
and spacing. This packaging method also offers the conve- 
nience of storage with original orientation and spacing even 
after a portion of the wafer is used. The evacuated plastic 
bag is thermally sealed holding the contents securely with no 
die movement. Die can be removed from the sticky film by 
a sharp ejector-pin pushing a die up and a vacuum needle 
manually picking it up. This package can also be handled by 
an automatic die loader with some minor adjustments. To 
order this package, the suffix CP must appear with the part 
number. | in 


Wafer Pak (WP Suffix) (See Figure 3) — The pak contains 
a wafer that is 100% electrically tested. With the rejects inked, 
the wafer is left unsawed and is packaged with protective 
cardboard in a vacuum sealed plastic bag. The WP suffix 
must appear after the chip part number. 


Heatspreader (See Figure 4) — Some chips (indicated by 
footnote in the preferred parts list) are also available mounted 
with eutectic bonding to copper heatspreaders that have been 
plated with nickel and gold. The use of heatspreaders 
increases thermal conductivity and allows solder reflow 
attachment of the die-heatspreader assembly. 


TOP VIEW 
io 2.00 NOM 


TRANSLUCENT COVER 


CROSS SECTION 
COMPARTMENTED TRAY 


Figure 1. Multi-Pak (No Suffix) - 


COMPLETELY SAWED WAFER 


PVC FILM WITH CARDBOARD RING 
(STICKY SIDE IS AGAINST THE 
“ GOLD-BACKED SIDE OF WAFER) 
a PROTECTIVE 
CARDBOARD 


Figure 2. Circle Pak (CP Suffix) 


CLEAR HEAVY 
PLASTIC BAG 


Figure 3. Wafer Pak (WP. Suffix) 


PHYSICAL 
DIMENSIONS 
(IN MILS) 


55 MAX 
Figure 4. Heatspreader 
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Die Geometries 


ase * 


B=B 
E = Emitter 
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Preferred Parts List 


Standard D.C. Parameters (at 25°C) — V(BR)CBO. V(BR)CEO: V(BR)EBO: hFE (d.c. current gain) 

Special Request Parameters — IcEo, IcEs, ICEx: IEBo. VCE (sat): VBE(sat): ff, Cop, Cep, hFE (ac), NF (Noise Figure), GpE. 
Front Metallization Thickness — a minimum of 10,000 A | | 7 

Back Metallization Thickness — a minimum of 3,000 A-24,000 A 


- Bond Pad Size Metallization 


Packaging 


Die Die Die 
Geometry | Size | Thickness| inches inches 
Standard Chip Reference | inches |_ inches 1/1000 | 1/1000 Wafer |Circle; Heat- 
Part # Part # # 1/1000 ; — 1/1000 Emitter (WP) | (CP) | spreader 


14x16 
15x22 
12x22 
12x17 
15x20 
15x20 
15x22 
14x16 
14x16 
13x16: 
22x22 
16x25 
16x25 
17x17 
16x25 
22x22 
12x22 
15x16 
15x24 
34x27 
34x27 
15x15 
15x15 


| 2N2857 2C2857 
2N3866 | 203866 
204957 
205108 
205160 
205583 
205943 
BFRC90 
BFRC91 
BFRC96 
CD1880 (35 
CD3240 (35 
CD6150 (35 
CD3660 (35 
CD4880 (35 
CD5880 (35 
MMC4049 
MRFC2369 
MRFC559 
MRFC544 
MRFC545 


A 
A 
Pe 


4 
4 


4 
4 
4 
4 


—s 
_—s 


2.5x2.1 Au 
; 


2.2X3.2 2.2X3.2 Au 


Toe [oe [a 


r 
r 


N 


36 
36 
36 
(36 
36 
36 


14 
13 
13 
15 
13 
14 
3 


— 


| 3.6 dia. | | 3.6 dia. | dia. Au 
r 
r 
r 
r 
A 

r 
r 
| 8x4 | | 3x4 | Au 


Samples available upon request, contact the Motorola Sales Office. “Available Packaging 

(35) To order CHIP mounted on a heatspreader, change prefix to “CH.” . 

(36) To order high reliability chip with SEM qualifications and lot acceptance per MIL-STD-750 and 883, change prefix to “HD” or “HH” for die alone or die 
mounted on heatspreader respectively. 


c c c Cc c Cc c Cc c c c c Cc S Cc 


4 
4 
4 
4 
4 
4 
4 


-8 
-8 
-8 
—8 
-8 
—8 
-8 
—8 
—8 
—8 
—5 
—5 
=5 
-5 


4 
4-5 
4—5 


weer | Ne 
— 


SE eee ee ee ae 


— 
— 


Pi > 
cic 


5 
10 
10 
12 
12 


* 


> 
c 


>| > 
cle 


* 


4 


4-8 
4-8 
4-8 
4-8 
4~8 

-8 
4-8 


* 


2|2 
Cc c 


Storage and Handling Information 


It is recommended that all Motorola die be stored at room Special Electro-Static Discharge (ESD) precautions should 
temperature in an inert environment after removal of the seal be taken to avoid damaging the chips. Motorola recommends 


from the original shipping package. storage in the original ESD shipping package. 
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Motorola Components Division 


Ceramic Bandpass Filters 
Miniature RF Filters and Duplexers 


Description | Features 


Motorola Ceramic Products offers miniature RF ceramic Low Insertion Loss 
bandpass filters and duplexers for two-way radio applications Excellent Stopband Attenuation 
in the 400 to 1600 MHz frequency range. Superior Frequency Stability 
These solid ceramic devices offer small size, rugged con- Small Compact Design 
struction and fixed tuning without the sacrifice of performance 50 Ohm Input/Output 
or quality. The filters are offered in a variety of shapes and Temperature Coefficient +8 PPM/°C 
mounting styles to conform to production requirements. 


Typical power handling capability is 10-20 watts depending For additional information on these special, non-semicon- 
on configuration. - ductor products, please contact Motorola Ceramic Products, 
Custom designs will be considered upon request. 4800 Alameda Blvd., NE, Albuquerque, NM 87113 (505) 822- 


8801 FAX (505) 822-8812. 


Size 
Stopband Inches 


Passband Passband 
MHz Loss 
Atten. Atten. 
dB Typ dB Min L 


eee! 


dB Typ | dB Max 


L-Band (1000-1600 MHz) 


GPS1200 1216 
GPS1500 1565 . 
GPS1200M | _. 1216 1236 
GPS1500M 1565 1585 
ATC1030 4035 
TCAS1090 1085 


1236 | 04 | 1 | 1375 | 48 | 42 | 162 | 051 | 0.45 
1585 16 0.51 
025 | 025 
: 
: 


3 
3 
3 
3 
5 


P 
P 
P 
P 
P 
P 


1095 


4 
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MOTOROLA 
ma SEMICONDUCTOR | 
TECHNICAL DATA 


Advance Information 
The RF Line 


Linear Power Amplifier 


| ABC900-60E | 


... Specifically designed for cellular radio base station applications. This solid state, high | | . 60 W— 890-960 MHz 
power amplifier incorporates microstrip technology and utilizes discrete power transis- ‘| LINEAR 
tors with gold metallization and diffused emitter ballast resistors for enhanced reliability © | |= POWER AMPLIFIER 
and ruggedness. oe ee, PS gail VE Soe aan 
Custom versions with modified electrical and mechanical specifications are available 
upon request. : es 


890-960 MHz 
60 W — Pout 
26V—Vcc 
20 dB Gain 
Class AB 


ABC 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS a 


Operating Temperature Range (Note 1) ; —20 to +70 
Storage Temperature Range . —40to +100 


Note 1. Case Temperature is measured at base plate. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information : ~ |ACRI00-30E 
The RF Line | a | 


Linear Power Amplifier 


... specifically designed for cellular radio base station applications. This solid state, high 30 W — 890-960 MHz 

power amplifier incorporates microstrip technology and utilizes discrete power transis- - LINEAR 

tors with gold metallization and diffused emitter ballast resistors for enhanced reliability 7 POWER AMPLIFIER 

and ruggedness. , 
~Custom versions with modified electrical and mechanical specifications are available 

upon request. 


-® 890-960 MHz 
© 30 W — Pout 
© 25V—Vcc 
® 18 dB Gain 
® Class AB 


ACR 
CASE 389B-01, STYLE 1 


a 


harassed Sembot | in| Te 
O 


MAXIMUM RATINGS 


Input Return Loss (Poyt = 30 W) 


Efficiency (Poyt = 30 W, f = 960 MHz) 


Note 1. Case Temperature is measured at base plate. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


es 
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MOTOROLA 


mz SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information ACR900-30U 
The RF Line | | | 


Linear Power Amplifier 


... specifically designed for cellular radio base station applications. This solid state, high 30 W — 870-896 MHz 
power amplifier incorporates microstrip technology and utilizes discrete power transis- LINEAR 
tors with gold metallization and diffused emitter ballast resistors for enhanced reliability POWER AMPLIFIER 
and ruggedness. | 

Custom versions with modified electrical and mechanical specifications are available 
upon request. 


@ 870-896 MHz 
e 30W — Pout 
® 25V—Vcc 
@ 18 dB Gain 

@ Class AB 


ACR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Collector Voltage Supply 
Operating Temperature Range (Note 1) 
Storage Temperature Range 


[Supply Curent Poue=30W)—SSSCSCSCS~S~wCes | 
IRL 


Efficiency (Poyt = 30 W, f = 896 MHz) 


Output Return Loss (Poyt = 30 W) 


Load Mismatch 4 No degradation in power output 
(Pout = 30 W, f = 896 MHz, Load VSWR = 5:1, All Phase Angles) g P P 


Note 1. Case Temperature is measured at base plate. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
m= SEMICONDUCTOR sa 
TECHNICAL DATA 


The RF Line 


| ANIR88-60 

Linear Power Amplifier - 

... Specifically designed for low band land mobile base station applications. Microstrip 

design combined with the use of the most modern bipolar RF power transistor technol- 

ogy assures a reliable, cost effective complete power amplifier. nk 
Custom versions with modified electrical and mechanical specifications are available 

upon request. 


@ 68-88 MHz 
ad 60 W — Pout 
® 28V—Vcc 
e Class AB 


60 W — 68-88 MHz 
LINEAR 
POWER AMPLIFIER 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS | | 


l 


Ww 

cs Gp 
Supply Current (Poyt = 60 W) . 
Input Return Loss (Poyt = 60 W, BW = 68-88 MHz) . 


Load Mismatch p 
(Pout = 60 W, f = 88 MHz, Load VSWR = 20:1, All Phase Angles) 


Gain Flatness (Pout = 60 W, BW = 68-88 MHz) | 


Note 1. Case Temperature is measured at base plate. 


Power Gain (Poyt = 60 W,4 = 88 MHz) |G 
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MOTOROLA 
a2 SEMICONDUCTOR @ 
TECHNICAL DATA 


The RF Line ANIR175-60 
Linear Power Amplifier | . : 


... specifically designed for VHF land mobile base station applications. Microstrip design 
combined with the use of the most modern bipolar RF power transistor technology 60 W — 145-175 MHz 
assures a reliable, cost effective complete power amplifier. LINEAR 
Custom versions with modified electrical and mechanical specifications are available POWER AMPLIFIER 
upon request. 


@ 145-175 MHz 


® 60 W a Pout 
© 28V—Vcc 
e Class AB 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS | 


BW 
Gp 
Icc 
Input Return Loss (Poyt = 60 W) IRL 


Load Mismatch | ¥ No degradation in power output 
(Pout = 60 W, f = 175 MHz, Load VSWR = 20:1, All Phase Angles) | : es 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 


= SEMICONDUCTOR xox 
TECHNICAL DATA = 


The RF Line — 


AMR225-60 | 
Linear Power Amplifier goer Pee 


... specifically designed for high VHF band land mobile base station applications. 
Microstrip design combined with the use of the most modern bipolar RF power transis- | 
tor technology assures a reliable, cost effective complete power amplifier. SS" 
‘Custom versions with modified electrical and mechanical specifications are available. — 
upon request. 


© 180-225 MHz 


60 W — 180-225 MHz 
LINEAR 
POWER AMPLIFIER _ 


@ 60 W — Pout 
e28V—Vcc 


@ Class AB 


: AMR mae 
CASE 3898-01, STYLE 1 


3 


Bandwidth Se 30 | — | 225 | Mma 
| Power Gain Pout = 6oW.t=225MH || tw | TO 
[Supply Current Pour=90W) | tcc S| Te | 


Input Return Loss (Poyt = 60 W) 
.No degradation in power output 


ee a ee 


Load Mismatch. _ és a 
(Pout = 60 W, f = 225 MHz, Load VSWR = 20:1, All Phase Angles) 


Gain Flatness (Pout = 60 W, BW = 180-225 MHz) 


Note 1. Case Temperature is measured at base ‘plate. 
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MOTOROLA 
az SEMICONDUCTOR. 
TECHNICAL DATA 


The RF Line | | AMR440-60 
Linear Power Amplifier 


. specifically designed for high UHF land mobile base station applications. Microstrip = § [— 
design combined with the use of the most modern bipolar RF power transistor technol- 60 W — 400-440 MHz 
ogy assures a reliable, cost effective complete power amplifier. LINEAR 

Custom. versions with modified electrical and mechanical sdecifestione are ‘available POWER AMPLIFIER ~ 
upon request. 


® 400-440 MHz 


@ 60 W — Pout 
e 28V—Vcc 


e Class AB 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Collector Voltage Supply 


Operating Temperature Range (Note 1) ‘—20 to +70. +e 
Storage comes ewe Range -~40 to +100 a 


ae toe f 
a 
[Power Goin Poy = 6OW.F= aM) ———SSSCSC~dCSCw 
| a 

re 


Input Return Loss Pout’ = 60 W) 


_ Load Mismatch 7 
(Pout = 60 W, f = 440 MHz, Load VSWR = 20:1, All Phase Angles) 


Gain Flatness (Poy; = 60 W, BW = 400-440 MHz) 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 


mi SEMICONDUCTOR Ee 
TECHNICAL DATA 


The RF Line | | AMR470-60. 
Linear Power Amplifier 


. specifically designed for UHF land mobile base station applications. Microstrip 
design combined with the use of the most modern bipolar RF power transistor technol- 
ogy assures a reliable, cost effective complete power amplifier. ee penne ine 
Custom versions with modified electrical and mechanical Speciicavens are available 
upon request. POWER AMPLIFIER 


@ 440-470 MHz 


® 28V—Vcc 
@ Class AB Y 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Load Mismatch 
(Pout = 60 W, f = 470 MHz, Load VSWR = 20:1, All Phase Angles) 


Gain Flatness (Poyt = 60 W, BW = 440-470 MHz) 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 


a SEMICONDUCTOR & 
TECHNICAL DATA 


Advance Information AMRS0O0-30 
The RF Line | _ 


Linear Power Amplifier 


. specifically designed for cellular radio base station applications. This solid state, high 30 W — 800-960 MHz 
power amplifier incorporates microstrip technology and utilizes discrete power transis- LINEAR 
tors with gold metallization and diffused emitter ballast resistors for enhanced reliability POWER AMPLIFIER 
and ruggedness. 

Custom versions with modified electrical and mechanical specifications are available 
upon request. 


@ 800-960 MHz 

e 30 W — Pout 
26V—Vcc 
7.5 dB Gain . 
Class AB 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


ame. Value 


Bandwidth (Continuous without retuning) 


Input Return Loss = 900-960 MHz 
(Pout = 30 W, 50 Ohm Ref.) = 800-900 Miz 


has Power @ 1 dB Gain Compression (Pref = 5 W 


Note 1. Case Temperature is measured at base plate. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA RF DEVICE DATA 


5-10 


MOTOROLA 
a SEMICONDUCTOR a 
TECHNICAL DATA 


The RF Line AMRS900-60 
Linear Power Amplifier 


. . designed for cellular radio base station applications in the 860-900 MHz frequency 


range. This solid state, Class B amplifier incorporates microstrip circuit technology and —_ |. 60 W — 800-960 MHz 
linear push-pull transistors to provide a complete broadband, linear amplifier operating LINEAR . 
from a supply voltage of 24 volts. POWER AMPLIFIER 


@ Wide Bandwidth 800-960 MHz (without retuning) 

@ 50 Ohm Input/Output Impedance 

@ Specified 24 Volt Characteristics: 
Output Power — 60 Watts 
Power Gain — 7 dB Typ 

@ Gold Metallized Push-Pull Transistors Give Broadband Performance and Excellent 
Reliability 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Input/Output Return Loss (f = 800-960 MHz) IRL/ORL 


Load Mismatch 
(Pout = 50 W, f = 960 MHz, Load VSWR = 5:1 Typ) 


Note 1. Case Temperature is measured at base plate. 


Source/Load Return Loss 


| MOTOROLA RF DEVICE DATA 
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AMR900-60 
TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (W) 


Pout, OUTPUT POWER (W) 


0 5 10 15 
Pin, INPUT POWER (W) f, FREQUENCY (MHz) 
Figure 1. Output Power versus Input Power Figure 2. Output Power versus Frequency 


Pin. INPUT POWER (W) 
Tc, CASE TEMPERATURE (°C 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 3. Input Power versus Frequency Figure 4. Case Temperature versus Frequency 
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AMR900-60 


CASE \/ 


COMPONENTS 


\/ CONNECTOR \/ 


el QC INSPECTION 


\/ DC BIAS \/ COMPONENT | 
CIRCUIT BOARD 


| | ac inspection | __} acinspEcrion 


DC BIAS 
CIRCUIT ASSEMBLY 


1 | ac inspection 


RF TRANSISTOR \ / 


- SAGE COUPLER \ / 


\ / RF LOAD 


oe COUPLERS 
COMPONENT ee O 


~ RF LOAD ASSEMBLY 


NOTE 1: BURN-IN CONDITIONS 
SUPPLY VOLTAGE =: 26.5 VOLTS 


BASE PLATE TEMPERATURE: 70°C 
ENDURANCE TEST = 48 HOURS 


<HO-O-0O-O{_H_HO-O-O0-0O-O—-O”-—-+) 


O-O-)T 1K 


RF CIRCUIT BOARD 


QC INSPECTION 


FIXATION OF CIRCUIT BOARD 


MOUNTING OF CONNECTION (J1, J2, J'1, J'2) 


BONDING OF PASSIVE COMPONENTS 
ON RF CIRCUIT BOARD 


FIXATION OF DC BIAS CIRCUIT BOARD 


PLACEMENT OF RF TRANSISTORS 
LEAD LADY SURVEILLANCE 


PLACEMENT AND BONDING OF COUPLERS 


RF LOAD MOUNT 


PRE TEST 


TEST CONNECTORS (J’t, J'2)- 


REMOVAL 


BONDING OF COUPLERS 
BONDING OF RF LOADS 


TEST 


QC VISUAL 


BURN IN 100% (QA) 
(SEE NOTE 1) 


FINAL TEST 
PACKING 


MARKING 
FINAL QC 


STORES 


Figure 5. Manufacturing Flow Chart Operation 
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__ MOTOROLA 
= SEMICONDUCTOR om 
TECHNICAL DATA 


Advance Information 
The RF Line 
Linear Power Amplifier 


... specifically designed for cellular radio cell enhancer applications. This solid state, | 30 W — 800-960 MHz 
high power amplifier incorporates microstrip technology and utilizes discrete power | LINEAR 
transistors with gold metallization and diffused emitter ballast resistors for enhanced | POWER AMPLIFIER 
reliability and ruggedness. : 

Custom versions with modified electrical and mechanical specifications are available 
upon request. . . 
© 800-960 MHz 
@ 30 W — Pout 
® 26V—Vcc 
® 10 dB Gain, Class A 


MAXIMUM RATINGS | | 
[Gowran Tempers ngs Wa [te 
ovine ie ae a 


AMR 
CASE 389B-01, STYLE 1 


Power Gain (Poyt = 30 W, f = 960 MHz) f Gy 


Power Output @ 1 dB Gain Compression se Pout(1 dB) 
(Reference to Poyt = 30 W, f = 960 MHz) 


BW 

Gp 
Supply Current (Poyt = 20 W) Icc 
Input Return Loss (Poy = 30 W) IRL 
ORL 

wb 
IMD 


Load Mismatch | | | 
(Pout = 20 W PEP, f = 960 MHz, Load VSWR = 00:1, 
All Phase Angles) 


No degradation in power output 


Output Return Loss (Poyt = 30 W) | ORL | 


Intermodulation Distortion — 2 tones 
(Pout PEP = 27 W, f = 960 MHz, Af = 1.6 MHz, Ic = 3.6 A) 


Note 1. Case Temperature is measured at base_plate. | 


\ 
| 


MOTOROLA RF DEVICE DATA | 
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AMR900-60A 


= 
m7 
= 

= = 

S = 

= a 

= 5 
o a 
S 1 Tone @ 960 MHz 
ae Vee = 26V 

|= 3.6A 
0 10 20 30 40 50 60 
OUTPUT POWER (W PEP) = Pavg (2 TONES) X 2 Pins INPUT POWER (W) 
Figure 1. IMD versus Output Power | Figure 2. Output Power versus Input Power 


Sa 8 gp Sens 
MOTOROLA RF DEVICE DATA 
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MOTOROLA 
mz SEMICONDUCTOR sa 
TECHNICAL DATA 


Advance Information | | AMR960-35E 


The RF Line 
Linear Power Amplifier 

. specifically designed for Cellular Radio GSM (digital), NMT, E-TACS, AMPS applica- 35 W — 925-960 MHz 
tions. This amplifier incorporates microstrip technology. It also includes a temperature LINEAR | 
sensor and a remote bias control for stand by operation. A directional coupler for output POWER AMPLIFIER 


power measurement or other applications can be provided upon request. Custom ver- 
sions with modified electrical and mechanical specifications are also available upon 
request. 4 

® 925-960 MHz 

@ 35 W — Pout @ Tc = 70°C 

® 26V—Vcc 

® High Gain — 8 dB Min, Class AB 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


— 20 to +100 
40 to +150 


= 
—_ 
N 


3 
| as 


Supply Current (Poyt = 35 W, f = 960 MHz) 


2.7 
Input Return Loss (Poyt = 35 W) IRL 10 — 


jon 
w 


% 


Efficiency (Pout = 35 W, f = 960 MHz! rae | 50 | 


Load Mismatch yo 
(Pout = 30 W, f = 960 MHz, Load VSWR = :1, All Phase Angjies) 


Reverse ue ieee Intermodulation Distortion 


Note 1. Case Temperature is measured at base "Ee 


No degradation in power output 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


11136-10 
Q4/88 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information a AMR960-35HE 
The RF Line 7 


Linear Power Amplifier 


ts specifically designed for Cellular Radio GSM (digital), NMT, E-TACS, AMPS applica- , 35 W — 925-960 MHz 
tions. This amplifier incorporates microstrip technology. It also includes a temperature LINEAR 
sensor and a remote bias control for stand by operation. A directional coupler for output POWER AMPLIFIER 


power measurement or other applications can be provided upon request. Custom ver- 


sions with modified electrical and mechanical specifications are also available upon 
AMR 


request. 
CASE 389B-01, STYLE 1 


® 925-960 MHz 

® 35 W — Pout @ Tc = 70°C 

e 26V—Vcc 

@ High Gain — 33 dB Min, Class AB @ f = 960 MHz 


MAXIMUM RATINGS 


Collector Voltage Supply 
Operating Temperature Range (Note 1) 
Storage Temperature Range 


Quiescent Current ICCiq) 700 800 mA 
(I¢c with no RF drive applied) 


Efficiency (Poyt = 35 W, f = 960 MHz) n 


| 3 | 
Output Return Loss (Poyt = 35 W) ORL | 0 | US 


ga fetid | 4 No degradation in power output 
(Pout = 30 W, f = 960 MHz, Load VSWR = 00:1, All Phase Angles) g p p . 
Reverse Third Order Intermodulation Distortion . 
(Pout = 35 W, f = 960 MHz) 


Harmonics (Pout = 35 W — Reference, f = 960 MHz) 


Note 1. Case Temperature is measured at base plate. 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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~ MOTOROLA 7 
TECHNICAL DATA 


Advance Information 
The RF Line 


Linear Power Amplifier 


. specifically designed for Cellular Radio GSM (digital), NMT, E-TACS, AMPS applica- 35 W — 860-900 MHz 
tions. This amplifier incorporates microstrip technology. It also includes a temperature LINEAR 
sensor and a remote bias control for stand by operation. A directional coupler for output POWER AMPLIFIER 
power measurement or other applications can be provided upon request. Custom ver- 
sions with modified electrical and mechanical specifications are also available upon 
request. 


® 860-900 MHz 
®@ 35 W — Pout @ Tce = 70°C 
@ 26V—Vcc 
@ High Gain — 33 dB Min, Class AB @ f = 900 MHz 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Operating Temperature Range (Note 1) a —20 to +100 = 


ELECTRICAL CHARACTERISTICS (Tc = 70°C, 50 0 system, Tac = 26 V unless otherwise noted) 
a 
[rower Gain Pog =S5W,t=a00NR]——S~idCSCi | | | dC 
Quiescent Current Icciq 
ice rome emeaotey | 
| Supply Current (Pout = 35W,f = 900MH2 | tc 
[Input Return Loss (Pout= 35W) | ae 
| Efficiency (Pour = 35W.f= 900MM | | 
ORL ae 


Output Return Loss ie = 35 W) 


Load Mismatch 
(Pout = 30 W, f = 900 MHz, Load VSWR = o:1, All Phase Angles) 


Reverse Third Order Intermodulation Distortion 
(Pout = 35 W, f = 900 MHz) 


Note 1. Case Temperature is measured at base plate. 


This document contains information on a new product. Specifications and information herein are subject to sarees without notice.. 
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MOTOROLA 


= SEMICONDUCTOR ATES 
TECHNICAL DATA 


Advance Information 
The RF Line | | 
Linear Power Amplifier 


. specifically designed for Cellular Radio. GSM (digital), NMT, E-TACS, AMPS applica- es 35 W — 860-900 MHz 
tions. This amplifier incorporates microstrip technology. It also includes a temperature - _- LINEAR - | 
sensor and a remote bias control for stand by operation. A directional coupler for output —_- POWER AMPLIFIER | 
power measurement or other applications can: be provided upon request. Custom ver- | as ase Sols | 
sions with modified electrical and mechanical specifications are also available upon 
request. 

@ 860-900 MHz 

© 35 W — Pout @ Tc = 70°C 

e 26V—Vcc 

@ High Gain — 8 dB Min, Class AB @ f = 900 MHz 


AMR | 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Efficiency Pou = = 35 W, f = 900 MHz) 
Output Return Loss (Poyt = 


Load Mismatch 
(Pout = 30 W, f = 900 MHz, Load VSWR = 00:1, All Phase Angles) 


Reverse Third Order Intermodulation Distortion 
(Pout = 35 W, f = 900 MHz) 


Note 1. Case Temperature is measured at base plate. 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA | ee a tp 
= SEMICONDUCTOR ox 
TECHNICAL DATA eS | 


Advance Information | AMR960-70E 
The RF Line 7 s 


Linear Power Amplifier 


... specifically designed for Cellular Radio GSM (digital), NMT, E-TACS, AMPS applica- 


70 W — 925-960 MHz 


tions. This amplifier incorporates microstrip technology. It also includes a temperature _ LINEAR 

sensor and a remote bias control for stand by operation. A directional coupler for output POWER AMPLIFIER 

power measurement or other applications can be provided upon request. Custom ver- 

sions with modified electrical and mechanical specifications are also available upon 

request. 

® 925-960 MHz ; 

© 70 W — Pout @ Tce = 70°C 

® 26V—Vcc 

@ High Gain — 8 dB Min, Class AB @ f = 960 MHz 
AMR 


CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Characteristic 


Bandwidth 
Power Gain (Pout = 70 W, f = 960 MHz) | 7 


Quiescent Current a 
(I¢¢ with: no RF drive applied) 


Eficiency (Pout = 70 W, f ~ 960 MHz) 
= rao 


(Pout = 70 W, f = 960 MHz, Load VSWR = «0:1, All Phase Angles) 


~ Reverse Third Order Intermodulation Distortion 
(Pout = 70 W, f = 960 MHz) 


Load Mismatch 


Note 1. Case Temperature is measured at base plate. a 
This-document contains information on.a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 


Linear Power Amplifier 


. specifically designed for Cellular Radio GSM (digital), NMT, E-TACS, AMPS applica- 70 W — 860-900 MHz- 
tions. This amplifier incorporates microstrip technology. It also includes a temperature LINEAR 
sensor and a remote bias control for stand by operation. A directional coupler for output POWER AMPLIFIER 
power measurement or other applications can be provided upon request. Custom ver- 
sions with modified electrical and mechanical specifications are also available upon 
request. 


® 860-900 MHz 

t 70 W = Pout @ Tc = 70°C 

@e 26V—Vcc / 

®@ High Gain — 8 dB Min, Class AB @ f = 900 MHz 


AMR 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Operating Temperature Range (Note 1) =m: —40 to +100 a ae 


Storage Temperature Range —40 to +150 


Characteristic 
Bandwidth 
- Power Gain (Poyt = 70 W, f = 900 MHz) 


Quiescent Current 
(Icc with no RF drive applied) 


Supply Current (Pout = 70 W) 
Input Return Loss (Poyt = 70 W) 
Efficiency (Pout = 70 W) 

Output Return Loss (Poyt = 70 W) 


Load Mismatch 
(Pout = 70 W, f = 960 MHz, Load VSWR = 00:1, All Phase Resless 


Heve(se! Third Order Intermodulation Distortion 
Harmonics (Poyt = 70 W — Reference, f = 900 MHz) 


Note 1. Case Temperature is measured at base plate. 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
=u SEMICONDUCTOR mm 
TECHNICAL DATA 


The RF Line | ATV5030 
Linear Power Amplifier 


...a solid state Class A amplifier specifically designed for TV transposers and transmit- 
ters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


@ 470-860 MHz 
@ 20 WwW —— Pout 
® 26.5V—Vcc 
@ 8.5 dB Typ Gain, Class A 


20 W — 470-860 MHz 
LINEAR 
POWER AMPLIFIER 


ATV 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Operating Temperature Range (Note 1) ~20 to +70 


Storage Temperature Range Teg, | —40 to +100 


Power Output @ 1 dB Gain Compression Pout(1 dB) 
(Reference to Poyt = 20 W) 

Supply Current (Poyt = 20 W) 

Input Return Loss (Poyt = 20 W) 


Output Return Loss (Poyt = 20 W) 


Load Mismatch 
(Pref = 20 W, 3 tones, f = 860 MHz, Load VSWR = 0:1, 
All Phase Angles) 


Gain Flatness (Pref = 20 W, 3 tones, BW = 470 to 860 MHz) 


intermodulation Distortion — 3 tones 
(f = 860 MHz, VcE = 25.5 V, Pref = 20 W, 
Vision Carrier = —7 dB, Sound Carrier = —8 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


intermodulation Distortion (IDEM) 
(f = 860 MHz, VcE = 25.5 V, Preg = 20 W, 
Vision Carrier = —10 dB, Sound Carrier = —8 dB, 
Sideband Signal = —16 dB) 


Notes: 1. Case Temperature is measured at base plate. 
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ATV5030 


TYPICAL CHARACTERISTICS 


Ses Lee 
—] 9.5 ES 
“PN | & Cie lees 
Sa PL 8.5 2. j ‘4 
Lote ea 
5B 
a S 
Leh asle me 
oa [<= S PB, 
a pel |g Pan! 
NI = | 
wn co 
: ae oe: ak 
Pa = 
= = 
= a : 
& Pie 3 ae 
ca 
500 600 700 800 ~—s- 860 ; 
f, FREQUENCY {MHz} f, FREQUENCY (MHz) 
Figure 1. Small-Signal « S » Parameter Magnitude Figure 2. Intermodulation versus Frequency 
versus Frequency 
* 3 tones test method: 
IMD1: Vision carrier — 8 dB, sound carrier — 7 dB 
Sideband signal — 16 dB; Zero dB corresponds 
to peak sync level. 
IMD2: Vision carrier — 8 dB, sound carrier — 10 dB 
Sideband signal — 16 dB; Zero corresponds to 
reference level. 
: Pode I Neen anh, 
to | | 
: ft AL EE 
te 
: a 
3 uw 
s = 
S < 
cc 
0 1 2 3 4 § 6 
f, FREQUENCY (MHz) iss A f, FREQUENCY (MHz) 
Figure 3. Output Power at 1 dB Gain Compression Figure 4. Relative Level versus Frequency 


versus Frequency 


Ec aera ee gece ye ee ee ee Oe RR eas ey Ce eee es 
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ATV5030 


CASE \/7 


COMPONENTS 


\ / . CONNECTOR \ / 


| QC INSPECTION © 


y DC BIAS 


V7 COMPONENT 
CIRCUIT BOARD | 
| | ac INSPECTION |__} ocinspection 
RF TRANSISTOR {7 DC BIAS 
CIRCUIT ASSEMBLY 


| esd QC INSPECTION 


SAGE COUPLER \ / 


\/ RF LOAD 


R 
deniers 3 dB COUPLERS (_) 


RF LOAD ASSEMBLY 


NOTE 1: BURN-IN CONDITIONS 


SUPPLY VOLTAGE = 26.5 VOLTS 
BASE PLATE TEMPERATURE: 70°C 
ENDURANCE TEST = 48 HOURS 


6-66 Ba 


RF CIRCUIT BOARD 


QC INSPECTION 


FIXATION OF CIRCUIT BOARD 


MOUNTING OF CONNECTION (J1, J2, J’1, J’2) 


BONDING OF PASSIVE COMPONENTS: 
ON RF CIRCUIT BOARD 


FIXATION OF DC BIAS CIRCUIT BOARD 


PLACEMENT OF RF TRANSISTORS 
LEAD. LADY SURVEILLANCE 


PLACEMENT AND BONDING OF COUPLERS 


RF LOAD MOUNT 


PRE TEST 


TEST CONNECTORS (J'1, J’2) 
REMOVAL 


BONDING OF COUPLERS 
BONDING OF RF LOADS 


TEST 


QC VISUAL 


BURN IN 100% (QA) 


} (SEE NOTE 1) 


FINAL TEST 
PACKING 


MARKING 


FINAL QC 


STORES 


Figure 5. Manufacturing Flow Chart Operation 
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MOTOROLA 


m= SEMICONDUCTOR SSCA 
TECHNICAL DATA 


The RF Line | 8 ATV6030 
Linear Power Amplifier Pa 


. a solid state Class A aie specifically designed for TV ‘dans powsie ad transmit- 
tars. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


@ 470-860 MHz 
© 20 W — Pout 
e 265V—Vcc 
@ 10.5 dB. Min Gain, Class A 


20 W — 470-860 MHz 
LINEAR | 
_ POWER AMPLIFIER 


ATV 
CASE 389B-01, STYLE 1 


all RATINGS 


Collector Voltage Supply ie 


Operating Temperature Range (Note 1) 
Storage Temperature ee 


Characteristic 


Bandwidth : . | | = 

Power Gain (Pref = 14 W, 3 tones) | 

Power Output @ 1 dB Gain Compression —. 

_ (Reference to Poyt = 20 W) 

Supply Current (Poyt = 20 W) ae 7 / ae 

Input Return Loss (Poyt = 20 W) | i. : ano © 
| Load Mismatch - eae 2 ; 


(Pref = 14 W, 3 tones, f= 860 MHz, Load VSWR = = 00:1, 
All: Phase ence 


Intermodulation aaoriene — 3 tones 
(f = 860 MHz, Vce = 25.5 V, Prep = 20W, 
Vision Carrier = —7 dB, Sound Carrier = —8 dB, 
Sideband Signal = — 16 dB, Specification TV05001) 


intermodulation Distortion (IDEM) 
(f = 860 MHz, Vce = 25.5 V, Pref = 20 W, » 
Vision Carrier = —10 dB, Sound Carrier = —8 GB, 
Sideband Signal = — 16 dB) . 


Notes: 1. Case Temperature is measured at base plate. 
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MOTOROLA 
m= SEMICONDUCTOR 
TECHNICAL DATA : 


Advance Information | | ATV7050_ 
The RF Line eee oe 
Linear Power Amplifier 


...a solid state ‘Class A amplifier specifically designed for TV transposers and transmit- 
ters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


@ 470-860 MHz 
e 30 W — Pout 
® 25.5 V—Vcc 
@ 8 dB Min Gain, Class A 


30 W — 470-860 MHz 
LINEAR 
POWER AMPLIFIER 


= 


ATV 
CASE 389B-01, STYLE 1 


MAXIMUM RATINGS 


Collector Voltage Supply 


Operating Temperature Range (Note 1) | —20 to +60 
Storage Temperature Range Tstg —40 to +100 


ELECTRICAL CHARACTERISTICS (Tc = 50°C, 50 0 system, Vcc = 25.5 V unless otherwise noted) 


Power Output @ 1 dB Gain Compression — 
(Reference to Poyt = 30 W) 


Input Return Loss (Poyt = 30 W) 
Output Return Loss (Poyt = 30 W) 


Load Mismatch 
(Pref = 22 W, 3 tones, f = 860 MHz, Load VSWR = ~:1, 


All Phase Angles) . 
Gain Flatness (Pref = 30 W, 3 tones, BW = 470 to 860 MHz) 


Intermodulation Distortion — 3 tones 
(f = 860 MHz, VcE = 25.5 V, Pref = 30 W, 
Vision Carrier = —7 dB, Sound Carrier = —8 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


Intermodulation Distortion (IDEM) . 

_ (f = 860 MHz, Vce = 25.5 V, Pref = 30 W, 
Vision Carrier = —10 dB, Sound Carrier = —8 dB, 
Sideband Signal = —16 dB) 


Notes: 1. Case Temperature is measured at base plate. 
This document contains information on a new product. Specifications and information herein are subject to change without notice. — 
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ATV7050 


TYPICAL CHARACTERISTICS 


~* a 


Ce 


ww hw 


0 eee 


- 


ral : ¢ = ral 
o LOWER LIMIT es o. ; 
a = a 
a = Ed (ae Seen ee ee, I or 
” D 
260: |neet eee eee 
hdsttetoneideonand teeeenees : sabia taet eee ‘. Pout Peak:28W - 
400 500 600 700 800 900 400 500 600 700 800 900 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. S Parameters versus Frequency Figure 2. Intermodulation versus Frequency 
; 0OdB REF 

@ 
3 ‘ 
n : 
wy e 
—— ‘ 
2 ; 
= ; 
z ; 
<x me cee Sees erst ae SEE 
Oo n 
3 

400 500 600 700 800 900 0 ; ae 4.5 5.5 

f, FREQUENCY (MHz) 
3 TONES METHOD 
Fi ; i j a oe eae : | 
gure 3. Compression Gain versus Frequency IMD1 : Vision carrier -8 dB 


Sound carrier -7 dB 
Single band signal -16 dB 


IMD2 : Vision carrier -8 dB 
Sound carrier -10 dB 
. Single band signal -16 dB 
OdB corresponds to Peak sync level 


Figure 4. Peak Sync Level or Reference Level 
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MOTOROLA 


TECHNICAL DATA 


The RF Line 
VHF/UHF CATV Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metal system. 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 900 MHz 
Power Gain — 17 dB Typ @ f = 100 MHz 
Noise Figure — 6.5 dB Max @ f = 500 MHz 
CTB — —60 dB Max @ Voyt = 55 dBmV 
® All Gold Metailization for Improved Reliability 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 
@ Available in Bent Lead Option and Hermetic Package 
@ Characterized for DIN 45004B — 60 dBmV Min @ f = 900 MHz 


MAXIMUM RATINGS 


RF Voltage Input (Single Tone) 


DC Supply Voltage 
Operating Case Temperature Range 
Storage Temperature Range 


FeequenoyRngeSSCSC“~‘“~*~*rSC 
[Power ainif= 100MM SSSCS~C~“~*~*~dCSC*é CSCS 
[GeinflamessSCSCSCSCS~dCS 
[Rowen Lass — input t= aO-a00MH SY 
Return Loss — Output (f = 40-900 MHz) | ORL 
(Vout = +50 dBmV per ch.) Pe | 


BW 
PG 
IRL 
ORL 
Composite Triple Beat (Voy; = +55 dBmV) CTB 
(See Figure 1, f = 40-900 MHz) 
- 


Second Order Intermodulation Distortion 


Noise Figure f = 500 MHz 
f = 900 MHz 


Note: Bent lead option for CA900 is available in Case 714R-01 (Style 2). 
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CA900 
CAS00H 


17 dB 
40-900 MHz 
VHF/UHF 
CATV 
AMPLIFIERS 


CASE 714P-01, STYLE 2 
CA900 


CASE 826-01, STYLE 6 
| CA900H 


CA900, CA900H 


+55dBmV § 


12MH? | | 12MHz 


Figure 1. Triple Beat Test Figure 2. DIN45004B Test 


PIN CONFIGURATION 


OUTPUT 


> Voc 


Figure 3. External Connections 
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ma SEMICONDUCTOR | 


MOTOROLA 
TECHNICAL DATA 


The RF Line - 
35-Channel (300 MHz) CATV. 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. 


© Broadband Power Gain — @ f = 40-300 MHz 


CA2101 
CA2101R 

CA2201 © 
CA2201R 


17 dB 
40-300 MHz 
35-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


Gp = 17.1 dB Typ @ f = 50 MHz 
® Broadband Noise Figure — @ f = 300 MHz 
NF = 7 dB Max CA2101 
@ Low Distortion @ Voyt = 46 dBmV 
CTB = —66 dB Max CA2201 
@ Available for Both Positive and Negative Supply Voltages 
© All Gold Metallization for Improved Reliability 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2101/CA2201 


MAXIMUM RATINGS 


CS CRatng ——SSSS*drCS bt [Ve [nie 


Characteristic 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA2101R/CA2201R 


Frequency Range 
Power Gain — 50 MHz 16.6 
[Gain famess SSS 


Second Order !Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) CA2201,R 
CA2101,R 


Cross Modulation Distortion XMD 
(Vout = +46 dBmV per ch., ch. 2 — 35-channel flat) CA2201,R 
CA2101,R 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. W — 35-channel flat) CA2201,R 
CA2101,R 


Noise Figure (f = Ch. W) CA2201,R 
CA2101,R 


DC Current ~ CA2201,R 
CA2101,R 


210 
1 
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mz SEMICONDUCTOR 


MOTOROLA 


TECHNICAL DATA | 


The RF Line. — a > : : 7 oe 
35-Channel (300 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- . Ae 


cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. 
@ Broadband Power Gain — @ f = 40-300 MHz | oe 
Gp = 22 dB Typ @f = 50 MHz © 

- @ Broadband Noise Figure — @ f = 300 MHz 

NF = 5.5 dB Max (CA2300) | 

e Low Distortion @ Voyt = 46 dBmV 

_ CTB =. —68 dB Max (CA2301) 
® Available for Both Positive and Negative Supply Voltage Versions 
@ All Gold Metallization for Improved Reliability 


28 


—20 to +100 


dBmvV 
Vde 

Cc 
—40 to +100 °G 


No 
pS 


Return Loss — Input/Output (f = 40-300 MHz) ~ IRL/ORL 


Second Order Intermodulation Distortion 
(Vout: = +50 dBmV per ch., ch. 2, 13, R) CA2301,R 


~ CA2300,R 


Cross Modulation Distortion . 
(Vout = +46 dBmV per ch., ch. 2 — 35-channel flat) CA2301,R 


CA2300,R 


Composite Triple Beat 7 ; 
(Vout = +46 dBmvV per ch., ch. W — 35-channel flat) 


CA2301,R 
CA2300,R 


Noise Figure (f = 300 MHz) CA2301,R NF 


CA2300,R 


CA2301,R Ipc 
CA2300,R 


DC Current 
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_ CA2300 
-CA2300R | 
_CA2301 | 


--.. 40-300 MHz 
_ 85-CHANNEL |. 
‘| CATV.INPUT/OUTPUT 

- TRUNK AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2300/CA2301 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA2300R/CA2301R 


MOTOROLA 


m= SEMICONDUCTOR SES ESE ED 


TECHNICAL DATA 


The RF Line’ 


12- Channel (120 MHz) CATV 
Reverse Amplifiers 


. designed specifically for use as return ain puners: for mid-split and high-split 2-way _ 
cable TV systems. 


@ Specified 24 Volt Characteristics 
Bandwidth — 5 to 120 MHz 
Power Gain — 18.5 dB Typ @ f = 10 MHz 
Noise Figure — 5 dB Max. @ f = 100 MHz 
@ All Gold Metallization for Improved Reliability 
®@ Available for Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS 


ee 
[AE Vekege Input Single Tone) —————SSS*d in | 
De Suppiyvorsse ———SSSCSC~*~dCSCiSYS 
ort es Tenpw fangs tea 


Characteristic . 


Frequency mange, 


Power Gain — 10 MHz 


or 
Return Loss — Input/Output (f = 5-120 MHz) IRL/ORL 


- Second Order Intermodulation Distortion 
(Vout = +55 dBmV per ch., ch. 2): 
(Vout = +55 dBmvV per ch., ch. G) 


Composite Triple Beat _ 
(Vout = +50 dBmV per ch., ch. A,.12-channel flat) 


Noise Figure (f = 100 MHz) 


‘DC Current 


! Cross Modulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 12-channel flat) 
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Storage Temperature Range . —40 to +100 <a 


CA2418 
CA2418R 


18.5 dB 
5-120 MHz 
CATV 
REVERSE 
AMPLIFIERS. 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2418 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


oe CA2422 
The RF Line —— 
12-Channel (120 MHz) CATV 
Reverse Amplifier 


22 dB 


, oe bas heck ; 5-120 MHz 
... designed specifically for use as return amplifiers for mid-split and high-split 2-way CATV 
cable TV systems. | : REVERSE 
@ Specified 24 Voit Characteristics . AMPLIFIER 


Bandwidth — 5 to 120 MHz 

Power Gain — 22 dB Typ @ f = 10 MHz 

Noise Figure — 4.5 dB Max @ f = 100 MHz 
@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Symbol 
RF Voltage Input (Single Tone) 
DC Supply Voltage 


Operating Case Temperature Range _ 


Storage Temperature Range 


Frequency Range . | BW 
» 4 
C 


Power Gain — 10 MHz | Gp 
[Gaines SSCSCSC~“~SYS 


21.4 
Return Loss — Input/Output (f = 5-120 MHz) IRL/ORL 20 


Second Order Intermodulation Distortion 
(Vout = +55 dBmvV per ch., ch. 2) 


(Vout = +55 dBmV per ch., ch. G) 


Cross Modulation Distortion bas 


BW 
Gp 
MD 
TB 
NF 
Ipc 


(Vout = +50 dBmV per ch., ch. 2, 12-channel flat) 


Composite Triple Beat 
(Vout = +50 dBmV per ch., ch. A, 12-channel flat) 


Noise Figure (f = 100 MHz) 
[cturentSSSCSC~“Ss‘“‘~s*sS*S*S*~dCC 
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MOTOROLA 


a SEMICONDUCTOR mm 
TECHNICAL DATA 


CA2600 
The RF Line 


35-Channel (300 MHz) CATV 


Line Extender Amplifier | 34 dB 

| . . . 40-300 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- 35-CHANNEL CATV 
cally intended for CATV market requirements. This amplifier features ion-implanted LINE EXTENDER 


arsenic emitter transistors and an all gold metallization system. AMPLIFIER 


® Specified 35 Channel, 24 Volt Characteristics: 

Bandwidth — 40-300 MHz 

Power Gain — 34 dB Typ @ f = 50 MHz 

Noise Figure — 5 dB Max @ f = 300 MHz 
e@ Superior Gain, Return Loss and DC Current Stability with Temperature 
@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


CTB 
Noise Figure (f = 50 MHz) Ne 
(f = 300 MHz) 


DC Current 
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MOTOROLA | | 
ea SEMICONDUCTOR aaa 
TECHNICAL DATA 


The RF line CA2700 


35-Channel (300 MHz) CATV 
Line Extender Amplifier 


38 dB 
: ae we : . ee = . 40-300 MHz. 
. designed for broadband applications requiring low-distortion amplification. Specifi- 35-CHANNEL ror 
cally intended for CATV market requirements. These amplifiers feature ion-implanted LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. _ 2 . AMPLIFIER 


® Specified 35 Channel, 24 Volt characte nisies: 

Bandwidth — 40-300 MHz 

Power Gain — 38 dB Typ @ f = 50 MHz 

Noise Figure — 5.5 dB Max @ f = 300 MHz 
® Superior Gain, Return Loss and DC Current Stability with Temperature 
@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Return Loss — Input/Output (f = 40-300 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 35-channel flat) 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. W, 35-channel flat) 


Noise Figure (f = 50 MHz) 
(f = 300 MHz) 
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=z SEMICONDUCTOR & 


MOTOROLA 


TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 

Frequency Range — 10 to 400 MHz 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 17 dB Typ @ f = 50 MHz 
PEP — 400 mW Typ @ —32 dB IMD 
Noise Figure — 8.5 dB Typ @ f = 300 MHz 
@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Frequency Range 


_ Gain Flatness (f = 30-300 MHz) 
(f = 10-400 MHz) 


Power Gain (f = 50 MHz) 


Noise Figure, Broadband (f = 60 MHz) 
(f = 300 MHz) 


Second Harmonic Distortion 
(Tone at 10 mW, foH = 10-300 MHz) 


Reverse Isolation (f = 10-400 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 10-300 MHz @ —32 dB IMD) 


Supply Current 
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CA2800 
CA2800B 
CA2800H 


17 dB 
10-400 MHz 
800 mWATT 
WIDEBAND 

~ LINEAR AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2800 | 


CA (POS. BENT PIN OPTION) 
CASE 714J-01, STYLE 1 
CA2800B 


CASE 826-01, STYLE 1 
CA2800H 


CA2800, CA2800B, CA2800H 


TYPICAL CHARACTERISTICS 
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CA2800, CA2800B, CA2800H 
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Frequency ieee OM 
(MHz) 


Ito = Po + WP. @ IMD >60dB 


PEP = 4X Po @ IMD = -32dB 


Figure 11. Intermodulation Test 


Figure 10. Functional Schematic 
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MOTOROLA 


a SEMICONDUCTOR | 
TECHNICAL DATA 


CA2810 
CA2810B 


The RF Line CA2810H 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide “ 33 dB. 

bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 10-350 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 800 mWATT 
® Specified Characteristics at Vcc = 24 V, Tc = 25°C: _ WIDEBAND 


@ Frequency Range — 10 to 350 MHz | ‘LINEAR AMPLIFIERS 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 33 dB @ f = 50 MHz 
PEP — 400 mW Typ @ —32 dB IMD . 

Noise Figure — 8 dB Max @ f = 300 MHz 

@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS . 


Tc 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2810 


Operating Case Temperature Range Te: | —20 to +90 


Storage Temperature Range 


Frequency Range 


Gain Flatness (f = 30-300 MHz) 
(f = 10-350 MHz) 


Power Gain (f = 50 MHz) 


Noise Figure, Broadband (f = 60 MHz) NF 
-  (f = 300 MHz) 


Power Output — 1 dB Compression (f = 200 MHz) Poi dB 


CA (POS. BENT PIN OPTION) 
CASE 714J-01, STYLE 1 
CA2810B 


Ww 


Nw 
—_— | Ww Ww 


CASE 826-01, STYLE 1 
CA2810H 


Second Harmonic Distortion . 
(Tone at 10 mW, fay = 10-300 MHz) 


Reverse Isolation (f = 10-350 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) . 
(f = 10-300 MHz @ —32 dB IMD) 


Supply Current 
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CA2810, CA2810B, CA2810H 


TYPICAL CHARACTERISTICS 


—3 dB POINTS 
31.0 {| = 7 MHz 
fy = 430 MHz 


Pg, POWER GAIN (dB) 
AGAIN (dB) 


iNOIS aaeeus 
30.0) 24 VOLTS 
28 VOLTS 
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{, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 2. Relative Power Gain versus Temperature 


Figure 1. Power Gain versus Frequency 
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CA2810, CA2810B, CA2810H 
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Biased at 24 Voits T = 25°C Zo = 502 


Frequency 
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. 30 


Figure 10. Functional Schematic 


Ito = Po + Np @ IMD > 60dB 
PEP = 4X Po @ IMD = -32dB 


Figure 11. Intermodulation Test 
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MOTOROLA 
TECHNICAL DATA 


| CA2812 
The RF Line  CA2812H 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 


30 dB 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 1-520 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 300 mWATT 

The linear class A bias enables the CA2812 to drive highly reactive loads at large sig- WIDEBAND 
nal levels. Low end frequency response can be extended to 500 kHz by increasing the 


LINEAR AMPLIFIERS 


values of the external RF chokes. 


® Optimized for 12 Volt Operation 
© Specified Characteristics at Vcc = 12 V, Tc = 25°C: 
Frequency Range — 1 to 520 MHz 
Output Power — 300 mW Typ @ f = 1-520 MHz 
Power Gain — 30 dB Typ @ f = 100 MHz 
Noise Figure — 8 dB Typ @ f = 500 MHz 
@ All Gold Metallization for Improved Reliability 
® Available in Bent Lead Option and Hermetic Package 
@ Unconditional Stability Under All Mismatch Conditions 


CASE 714P-01, STYLE 1 
CA2812 


MAXIMUM RATINGS 


Vdc 
dBm 


°C 


CASE 826-01, STYLE 5 
CA2812H 


Frequency Range | . | 
Gain Flatness (f = 1-520 MHz) 


Power Output — 1 dB Compression (f = 1-520 MHz) Po 1dB 
Third Order Intercept (See Figure 10, f1 = 520 MHz) ITO 


Input/Output VSWR (f = 1-520 MHz) Input VSWR 
Output 


Second Harmonic Distortion (Tone at 10 mW, foy = 1-520 MHz) 
Reverse Isolation (f = 1-520 MHz) 
Supply Current 


Note: Bent lead option for CA2812 is available in Case 714R-01 (Style 1). 
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CA2812, CA2812H 


TYPICAL CHARACTERISTICS 
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CA2812, CA2812H 
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Figure 9. S-Parameters 


Figure 11. External Connections 


PIN CONFIGURATION 


nO @ IMO > 6008 S 
PEP = 4X Po @ IMO = -3208 1234 567 8 9).01F 


Pd 


Figure 10. intermodulation Test INPUT 


Ito = Po + 


+Vcc 


RFC1-4: 30H CHOKE 


Figure 12. External Connections 
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MOTOROLA 
a SEMICONDUCTOR mm 
TECHNICAL DATA 


CA2813 

| CA2813B 

The RF Line | "5 CA2813H 
Wideband Linear Amplifiers 


. designed for amplifier applications in 50 to 100 ohm systems requiring wide | 34 dB 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 40-300 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 160 mWATT. 

@ Specified Characteristics at Vcc = 15 V, Tc = 25°C: | WIDEBAND 
Frequency Range — 40 to 300 MHz a - LINEAR AMPLIFIERS 


Output Power — 160 mW Typ @ 1 dB Compression, f = 300 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 
PEP — 150 mW Typ @ —32 dB IMD 
Noise Figure — 5 dB Typ @ f = 300 MHz 
@ All Gold Metallization for Improved Reliability 
.@ Designed for 15 V Operation, Low Power Consumption 
® Low VSWR for 75 Ohm System 


MAXIMUM RATINGS _CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2813_ 


~20 to +90 
—40 to +100 


ac 
= 


CA (POS. BENT PIN OPTION) 
CASE 714J-01, STYLE 1 
CA2813B 


Power Gain (f = 50 MHz) 


Noise Figure, Broadband (f = 50 MHz) 
(f = 300 MHz) 


on 
on 


Input/Output VSWR (f = 40-300 MHz) 


Second Harmonic Distortion 
(Tone at 100 mW, fay = 300 MHz) 


Reverse Isolation (f = 40-300 MHz) 


CASE 826-01, STYLE 1 
CA2813H 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 40-300 MHz @ —32 dB IMD) 


Supply Current 
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CA2813, CA2813B, CA2813H 


TYPICAL CHARACTERISTICS 


(Relative to Frequency Response at 25°C) 


Pg, POWER GAIN (dB) 
AGAIN (dB) 


0 100 200 300 400 500 10 100 200 300 400 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Power Gain versus Frequency Figure 2. Relative Power Gain versus Temperature 
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CA2813, CA2813B, CA2813H 
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Biased at 15 Volts 


Frequency es ee 
(MHz) 


T = 25°C Zo = 752 


53.0 
119 


Magnitude in dB, Phase Angle in degrees. 


Figure 9. S-Parameters 


Figure 10. Functional Schematic Ito = Po + “ @ IMD > 60dB 


PEP = 4X Po @ IMD = -32dB. 


Figure 11. Intermodulation Test 
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MOTOROLA 
ma SEMICONDUCTOR 
TECHNICAL DATA 


| | | | | CA2818 
The RF Line | | | : CA2818H 


Wideband Linear Amplifiers 


18.5 dB 
; 1-200 MHz 
. designed for amplifier applications in 50 to 100 ohm systems requiring wide 900 mWATT 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability WIDEBAND 


with temperature and linear amplification as a result of the push-pull circuit design. LINEAR AMPLIFIERS 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 1 to 200 MHz 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 18.5 dB Typ @ f = 50 MHz 
PEP — 800 mW Typ @ —32 dB IMD 
Noise Figure — 5.5 dB Typ @ f = 150 MHz 
ITO — 47 dBm Typ @ f = 150 MHz 
© All Gold Metallization for Improved Reliability 
@ Available in Bent Lead Option and Hermetic Package 
@ Refer to CATV Equivalent Model CA2418 for 75 Ohm Performance Data 


CASE 714F-01, STYLE 1 
CA2818 


MAXIMUM RATINGS 


CASE 826-01, STYLE 1 
CA2818H 


Characteristic 


Frequency Range 


Gain Flatness f = 50-150 MHz 
f = 1-200 MHz 


Power Gain (f = 50 MHz) 


Noise Figure, Broadband f = 30 MHz 
f = 150 MHz 


Third Order Intercept (See Figure 11, fy = 150 MHz) | To | 


Input/Output VSWR (f = 1-200 MHz) 


Second Harmonic Distortion (Tone at 100 mW, foy = 1-200 MHz) 


Reverse Isolation (f = 1-200 MHz) ae 
Peak Envelope Power (Two Tone Distortion Test — See Figure 11) ell 


(f = 1-200 MHz @ —32 dB IMD) 


Supply Current 


Note: Bent lead option for CA2818 is available in Case 714J-01 (Style 1). 
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CA2818, CA2818H 


TYPICAL CHARACTERISTICS 
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CA2818, CA2818H 


~ HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 
DELAY (ns) 
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- Biased at 24 Volts iss : —— —  -—T = 25°C Zo = 502 


Figure 10. Functional Schematic 


110 = Po + 4 @ IMD > 60¢B 


PEP = 4X Po @ IMD = -32¢B 


Figure 11. Intermodulation Test 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA | 


CA2820 
_ The RF Line | | CA2820H 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 30 dB 

bandwidth, low noise and low distortion. This hybrid provides excellent gain stability | 1-520 MHz 

with temperature and linear amplification as a result of the push-pull circuit design. 440 mWATT 

® Specified Characteristics at Vcc = 24 V, Tc = 25°C: WIDEBAND 
Frequency Range — 1 to 520 MHz LINEAR AMPLIFIERS 
Output Power — 440 mW Typ @ 1 dB Compression, f = 1-520 MHz 
Power Gain — 30 dB Typ @ f = 100 MHz 
Noise Figure — 8.3 dB Typ @ f = 50 MHz 

@ All Gold Metallization for Improved Reliability 

® Available in Bent Lead Option and Hermetic Package | 

@ Unconditional Stability Under All Mismatch Conditions 


CASE 714M-01, STYLE 2 
CA2820 


MAXIMUM RATINGS 


Symbol | Value | Unit 
28 
=40 to +100 CASE 826-01, STYLE 4 
—55 to +125 CA2820H 


Noise Figure, Broadband f = 30 MHz 
f = 500 MHz 


Third Order Intercept (See Figure 10, fj = 520 MHz) 
Input/Output VSWR 


Reverse Isolation (f = 1-520 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 1-520 MHz @ —32 dB IMD) 


Note: Bent lead option for CA2820 is available in Case 714N-01 (Style 2). 
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CA2820, CA2820H 


TYPICAL CHARACTERISTICS | 
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Pg, POWER GAIN (dB) 
AGAIN (dB) 


fL = 0.85 MHz 


—3 dB POINTS 
ae fy = 650 MHz 
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Figure 1. Power Gain versus Frequency Figure 2. Relative Power Gain versus Temperature 
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CA2820, CA2820H 


—50 


| | 
S 3 z 3 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 


Biased at 24 Volts . T= 25°C Zo = 502 
$21 


Figure 11. Functional Schematic 


oul @ IMD > 60dB 
2 PIN CONFIGURATION 


PEP = 4X Po @ IMD = -32dB 


IT0 = Po + 


Figure 10. intermodulation Test 


RFC1-3: 30uH CHOKE 


Figure 12. External Connections 
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MOTOROLA 


TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 5 to 200 MHz 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 34.5 dB Typ @ f = 100 MHz 
PEP — 800 mW Typ @ —32 dB IMD 
Noise Figure — 4.7 dB Typ @ f = 200 MHz 
ITO — 46 dBm @ f = 200 MHz 
@ All Gold Metallization for Improved Reliability 
@ Available in Bent Lead Option and Hermetic Package 
® Unconditional Stability Under All Load Conditions 


MAXIMUM RATINGS 


vatve ei 


MHz 

| ae 

| ae 
dB 


|B 


Noise Figure, Broadband (f = 200 MHz) 


Power Output — 1 dB Compression 
(f = 5-200 MHz) 


Power Output — 1 dB Compression 
(f = 5-200 MHz, Vcc = 28 V) . 


Second Harmonic Distortion 
(Tone at 100 mW, fay = 150 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 5-200 MHz @ —32 dB IMD) 


Supply Current 


Note: Bent lead option for CA2830 is available in Case 714J-01 (Style 1). 
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-CA2830 
CA2830H 
CA2833 


34.5 dB 
5-200 MHz 
800 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F-01, STYLE 1 
CA2830 


CASE 826-01, STYLE 1 
CA2830H 


CA, LOW PROFILE 
CASE 714G-01, STYLE 1 
CA2833 


CA2830, CA2830H, CA2833 


TYPICAL CHARACTERISTICS 
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CA2830, CA2830H, CA2833 


Pout = +20dBm 
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Magnitude in dB, Phase Angle in degrees. . 


Figure 9. S-Parameters 
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‘Figure 10. Functional Schematic 
a as | 7 IMD 


"0 = Po + > @ IMO_> 6048 


PEP = 4X Po @ IMD = -320B 


Figure 11. Intermodulation Test 
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MOTOROLA 
= SEMICONDUCTOR omms 
TECHNICAL DATA 


CA2832 
The RF Line CA2832H 
Wideband Linear Amplifiers ; - 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 35.5 dB 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 1-200 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. | 1.6 WATT 
® Specified Characteristics at Vcc = 24 V, Tc = 25°C: | | WIDEBAND 


Frequency Range — 1 to 200 MHz LINEAR AMPLIFIERS 


Output Power — 1580 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 35.5 dB Typ @ f = 100 MHz 
PEP — 900 mW Typ @ —32 dB IMD 
Noise Figure — 6 dB Typ @ f = 200 MHz 
ITO — 47 dBm @ f = 200 MHz 

@ All Gold Metallization for Improved Reliability 

@ Available in Bent Lead Option and Hermetic Package 

@ Output Power — 2W @ Vcc = 28 V 

@ Unconditional Stability Under All Load Conditions 


CA 
CASE 714F-01, STYLE 1 
CA2832 


MAXIMUM RATINGS 

ee 

[be Sumpw vores ———SSSSCSCSCS~dCSC SP Sm|e 
: T 


Operating Case Temperature Range — 40 to +90 
Storage Temperature Range —55 to +125 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V, 50 © system unless otherwise noted) 


CASE 826-01, STYLE 1 
CA2832H 


Noise Figure, Broadband (f = 200 MHz) 
Power Output — 1 dB Compression (f = 1-200 MHz) 


Power Output — 1 dB Compression (f = 150 MHz) — 


Input/Output VSWR (f = 1-200 MHz) 
Second Harmonic Distortion (Tone at 100 mW, foH = 150 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 1-200 MHz @ —32 dB IMD) 


Supply Current 


Third Order Intercept (See Figure 11, fy = 200 MHz) 


Note: Bent lead option for CA2832 is available in Case 714J-01 (Style 1). 
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CA2832, CA2832H 


TYPICAL CHARACTERISTICS 
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CA2832, CA2832H 


HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 
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Figure 10. Functional Schematic 


ITo = Po + ~e IMD > 60d8 


PEP = 4X Po @ IMD = -320B 


Figure 11. Intermodulation Test 
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MOTOROLA 


m= SEMICONDUCTO 
TECHNICAL DATA | 


CA2840 
The RF Line | CA2840H 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 


22 dB 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 30-300 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 1 WATT 

fe WIDEBAND 
®@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 


LINEAR AMPLIFIERS 


Frequency Range — 30 to 300 MHz 
Output Power — 1000 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 22 dB Typ @ f = 100 MHz 
PEP — 650 mW Typ @ —32 dB IMD 
Noise Figure — 5 dB Typ @ f = 100 MHz 
@ Al! Gold Metallization for Improved Reliability 
®@ Available in Bent Lead Option and Hermetic Package 
@ Refer to CATV Equivalent Model CA2301 for 75 Ohm Performance Data 
@ Unconditional Stability Under All Load Conditions 


CASE 714F-01, STYLE 1 
CA2840 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V, 50 © system unless otherwise noted) 


Frequency Range BW 


Power Gain (f = 100 MHz) PG 
NF 
vw 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 200 MHz @ —32 dB IMD) 


Supply Current 


Note: Bent lead option for CA2840 is available in Case 714J-01 (Style 1). 


CASE 826-01, STYLE 1 
CA2840H 


Ww 
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CA2840, CA2840H 


TYPICAL CHARACTERISTICS 


(Relative to Frequency Response at 25°C) =| 
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CA2840, CA2840H 
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Figure 9. S-Parameters 
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Figure 11. Functional Schematic 


fees ~e@ IMD > 60dB 


PEP = 4X Po @ IMD = -32dB 


Figure 10. intermodulation Test 
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MOTOROLA 
=a SEMICONDUCTOR | 
TECHNICAL DATA 


CA2842 
CA2842B 
CA2842H 
CA2846 


The RF Line 
Wideband Linear Amplifiers 


Sows designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. ; 22 dB 


© Specified Characteristics at Vcc = 24V, Tc = 25°C: 30-300 MHz 
Frequency Range — 30 to 300 MHz ! ; 1.2 WATTS 
Output Power — 1580 mW Typ @ 1 dB Compression, f = 200 MHz, Vcc = 28 V WIDEBAND 
Power Gain — 22 dB Typ @f = 100 MHz LINEAR AMPLIFIERS 
PEP — 650 mW Typ @ —32 dB IMD 
Noise Figure — 5 dB Typ @ f = 100 MHz 
ITO — 46 dBm @ f = 300 MHz 

@ All Gold Metallization for Improved Reliability 

@ Unconditional Stability Under All Load Conditions 


. . CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA2842 


MAXIMUM RATINGS 


RF Power Input | 
Operating Case Temperature Range Tc 


aw 
z 
NF 


Power Output —- 1 dB Compression Po1 dB 
(f = 30-200 MHz, Vcc = 28 V) 


Power Output — 1 dB Compression Po1 dB 630 800 hee 


CA (POS. BENT PIN OPTION) 
CASE 714J-01, STYLE 1 
CA2842B 


Ww 
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nN | oO 
NM | on 
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NO 
|e 


1260 


(f = 200-300 MHz, Vcc = 28 V) are CASE 826-01, STYLE 1 
Third Order Intercept ITO 4 CA2842H 
(See Figure 10, f7 = 30-300 MHz) 


(f = 200-300 MHz) 


- Second Harmonic Distortion 
(Tone at 100 mW, foH = 300 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 10) 
(f = 200 MHz @ —32 dB IMD) 


Input/Output VSWR (f = 30-200 MHz) VSWR kewl 1.3:1 
5: 


CA LP (POS. SUPPLY) 
CASE 714G-01, STYLE 1 
CA2846 


Supply Current 
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CA2842, CA2842B, CA2842H, CA2846 
TYPICAL CHARACTERISTICS 
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— CA2842, CA2842B, CA2842H, CA2846 
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Magnitude in dB, Phase Angle in degrees. 


Figure 9. S-Parameters 


IT0 = Po + re IMD > 60dB 


PEP = 4X Po @ IMD = -32dB 


Figure 10. intermodulation Test | Figure 11. Functional Schematic 
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MOTOROLA 
m2 SEMICONDUCTOR se 
TECHNICAL DATA 


CA2850R 
| | CA2850RH 
The RF Line | CA2851R 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 17.5 dB 

bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 40-100 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 320 mWATT 
@ Specified Characteristics at Vcc = —19V, Tc = 25°C: WIDEBAND 


Frequency Range — 40 to 100 MHz LINEAR AMPLIFIERS 
Output Power — 320 mW Typ @ 1 dB Compression, f = 100 MHz 
Power Gain — 17.5 dB Typ @ f = 100 MHz 
PEP — 300 mW Typ @ —32 dB IMD 
Noise Figure — 4.5 dB Typ @ f = 70 MHz 

@ All Gold Metallization for Improved Reliability 

@ Available in Bent Lead Option and Hermetic Package 

@ Low Power Consumption — Icc = 125 mA Typ @ Vcc = -19V 


MAXIMUM RATINGS 


[Re Power inpst —SSS~S~s~SCi | 
ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = —19 V, 509 system unless otherwise noted) 
min 
[Freaeneyfenge ——SSSSCS*~tCi | 

aed 

aw 


CASE 714H-01, STYLE 1 
CA2850R 


CASE 826-01, STYLE 2 
CA2850RH 


‘Noise Figure, Broadband (f = 70 MHz) 


Power Output — 1 dB Compression Po 1dB 250 320 mW 
(f = 40-100 MHz) 
Third Order Intercept (See Figure 10, f7 = 70 MHz) _a 
Input/Output VSWR (f = 40-100 MHz) VSWR : 
Second Harmonic Distortion 
(Tone at 250. mW, fay = 100 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 10) 
(f = 40-100 MHz @ —32 dB IMD) 


Supply Current 


Note: Bent lead option for CA2850R is available in Case 714K-01 (Style 1). 


w 
NJ 

ox 

ie 

oo 

—_— 

oy) 

—_— 


CA, LOW PROFILE 
CASE 714L-01, STYLE 1 
CA2851R 


MOTOROLA RF DEVICE DATA 
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CA2850R, CA2850RH 


Pa, POWER GAIN (dB) 


Pot dp, POWER OUTPUT (dBm) 


ITO, 3RD ORDER INTERCEPT POINT (dBm) 


TYPICAL CHARACTERISTICS 


To = 25°C 


— 15 VOLTS 
— 19 VOLTS 
-— 24 VOLTS 


fl = 0.2 MHz 


—3 dB POINTS 
oa f, = 380 MHz 


105 = 140 
+f; FREQUENCY (MHz) 


175. 210 = 245 


Figure 1. Power Gain versus Frequency 
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Figure 3. 1 dB Gain Compression versus Voltage 
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Figure 5. Third Order Intercept versus Voltage 
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Figure 2. Relative Power Gain versus Temperature 
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Figure 4. Noise Figure versus Voltage 
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Figure 6. Peak Envelope Power versus Voltage 
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5-67 


CA2850R, CA2850RH 
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Figure 9. S-Parameters 


Figure 11. Functional Schematic 


Ito = Po + Oo @ IMO > 60dB 


PEP = 4X Po @ IMD = -32dB 


Figure 10. Intermodulation Test 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 


aa SEMICONDUCTOR & 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 

Two B+ inputs, one for the preamplifier and one for the final stage, provide a conve- 
nient means of RF leveling by variation of the final stage B+ voltage. Although the 
uncorrected flatness of this module is superb (+0.5 dB typical), the leveling provisions 
provide convenient means of correcting for the frequency response of succeeding stages 
and injection of AM modulation. 
® Specified Characteristics at Vcc = 24 V, Tc = 25°C: 

Frequency Range — 20 to 400 MHz 
Output Power — 500 mW Typ @ 1 dB Compression, f = 400 MHz 
Power Gain — 34 dB Typ @ f = 100 MHz 
PEP — 500 mW Typ @ —32 dB IMD 
Noise Figure — 7.5 dB Typ @ f = 400 MHz 
® All Gold Metallization for Improved Reliability 
@ Available in Bent Lead Option and Hermetic Package 
@ Amplitude Leveling Provision 


MAXIMUM RATINGS 


be Supsivvotase—SSCS~S~wSS 
a 
[Cloperaing case Temperature Range | Te 


| Gain Flatness (f = 20-400 MHz) 
Power Gain (f = 100 MHz) 


Noise Figure, Broadband f = 30 MHz 
f = 400 MHz 


Power Output — 1dB Compression f = 225 MHz 
f = 400 MHz 


Third Order Intercept (See Figure 11, fj = 300 MHz) 


Input/Output VSWR (f = 20-400 MHz) Input 
Output 


Second Harmonic Distortion (Tone at 100 mW, f2H = = 20-400 MHz) 
Reverse Isolation (f = 20-400 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 20-400 MHz @ —32 dB IMD) 


Supply Current 


Value 


—40 to + 100; 
—55 to +125 


oi 


Note: Bent lead option for CA2870 is Rallbie in Case 714N-01 (Style 1). 


MOTOROLA RF DEVICE DATA 
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CA2870 
CA2870H 


34 dB 
20-400 MHz 
500 mWATT 
WIDEBAND 


_ LINEAR AMPLIFIERS. 


CASE 714M-01, STYLE 1 
CA2870. 


CASE 826-01, STYLE 3 
CA2870H 


CA2870, CA2870H 


TYPICAL CHARACTERISTICS 


| (Relative to Frequency Response at 25°C) =| 
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CA2870, CA2870H 
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Figure 10. Functional Schematic 


PIN CONFIGURATION IMD 


ITo = Po + aa @ IMD > 60¢dB 


PEP = 4X Po.@ IMD = -32dB _ 


OUTPUT Figure 11. Intermodulation Test 


INPUT 


+Vcc RFC 2 30yuH 


Figure 12. External Connections 
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MOTOROLA 
= SEMICONDUCTOR sau 
TECHNICAL DATA 


CA2875R 
The RF Line CA2875RH 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability Pre air 
with tembperanite ane ace! amplification as a result of the push-pull circuit design. 400 patel 
® Specified Characteristics at Vcc = -—19V, Tc = 25°C: WIDEBAND 


Frequency Range — 40 to 100 MHz LINEAR AMPLIFIERS 
Output Power — 400 mW Typ @ 1 dB Compression, f = 100 MHz 


Power Gain — 17.5 dB Typ @ f = 100 MHz 
PEP — 300 mW Typ @ -32dBIMD 
Noise Figure — 4.5 dB Typ @ f = 70 MHz 
ITO — 43 dBm @ f = 70 MHz 
@ All Gold Metallization for Improved Reliability 
®@ Available in Bent Lead Option and Hermetic Package 
® Specified for 75 Ohm Systems 


CASE 714H-01, STYLE 1 
CA2875R 


MAXIMUM RATINGS ~ 


[SSSCRating ——SSS*dC mt 
rae Powerinpwt ——SSSS~S~dT in P| 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = —19 V, 75 2 system unless otherwise noted) 


CASE 826-01, STYLE 2 
CA2875RH 


Second Harmonic Distortion (Tone at 250 mW, fay = 100 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 40-100 MHz @ —32 dB IMD) 


Supply Current 


Note: Bent lead option for CA2875R is available in Case 714K-01 (Style 1). 


Sone 
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CA2875R, CA2875RH 


TYPICAL CHARACTERISTICS 
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Figure 3. 1 dB Gain Compression versus Voltage 
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Figure 5. Third Order Intercept versus Voltage 
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Figure 2. Relative Power Gain versus Temperature 
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Figure 4. Noise Figure versus Voltage 
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Figure 6. Peak Envelope Power versus Voltage 


MOTOROLA RF DEVICE DATA 


CA2875R, CA2875RH 
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Figure 10. Functional Schematic oe 
. @ IMD > 60dB 


PEP = 4X Po @ IMD = -32dB 


IT0 = Po + 


Figure 11. Intermodulation Test 
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MOTOROLA 


ra SEMICONDUCTOR | 
TECHNICAL DATA 


CA2876R 
| CA2876RH 
The RF Line | | | | Ca2880R 
Wideband Linear Amplifiers LH . 


; designed for amplifier applications in 50 to 100 ohm systems requiring wide | 299 dB 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability : 40-100 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 4 160 mWATT 
® Specified Characteristics at Vcc = —19V, Tc = 25°C: | _ WIDEBAND 

| LINEAR AMPLIFIERS 


Frequency Range — 40 to 100 MHz 
Output Power — 160 mW Typ @ 1 dB Compression, f = 100 MHz 
Power Gain — 22 dB Typ @ f = 50 MHz 
PEP — 175 mW Typ @ —32 dB IMD 
Noise Figure — 3 dB Typ @ f = 70 MHz 
@ All Gold Metallization for Improved Reliability 
@ Available in Bent Lead Option and Hermetic Package 
e@ Specified for 75 Ohm Systems 
@ Low Power Consumption — Icc = 73 mA Typ @ Vcc = —19 V: 


MAXIMUM RATINGS 


DC Supply Voltage 
RF Power Input 


CASE 714H-01, STYLE 1 
CA2876R 


Operating Case Temperature Range — 
Storage Temperature Range 


a 
[FreqveneyRangeSSSCS~dSC« 
a 
NF 


CASE 826-01, STYLE 2 
CA2876RH 


Gain Flatness (f = 40-100 MHz) : 
Power Gain (f = 100 MHz) Pesiege cll 21.25 22.75 


Noise Figure, Broadband (f = 70 MHz). 


fie Output — 1 dB Compression Po 1dB 
if = 40-100 MHz) 


[in 

a0 

eo 

EES 

Gist Aiea ies 
[ed Order inerept (See Figure 11.fr=7owHA)| WO | | 6 | — | 

= a 

= 


| Input/Output VSWR (f = 40-100 MHz) VSWR 


Second Harmonic Distortion 
(Tone at 100 mW, foH = 100 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 40-100 MHz @ —32 dB IMD) 


Supply Current 


CA, LOW PROFILE 
CASE 714L-01, STYLE 1 
CA2880R 


Note: Bent lead option for CA2876R is available in Case 714K-01 (Style 1). 


MOTOROLA RF DEVICE DATA 


5-75 


CAZ3S/6H, CAZ6/6RH 


Pg, POWER GAIN (dB) 


Poq ap, POWER OUTPUT (dBm) 


TYPICAL CHARACTERISTICS 


—1{5 VOLTS ~ 
=19 VOLTS 
—24 VOLTS ——_——_—— 
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f, FREQUENCY (MHz) 


_ Figure 1. Power Gain versus Frequency 
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Figure 3. 1 dB Gain Compression versus Voltage 
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Figure 5. Third Order Intercept versus Voltage 


MOTOROLA RF DEVICE DATA 
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Figure 4. Noise Figure versus Voltage 
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Figure 6. Peak Envelope Power versus Voltage 
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CA2876R, CA2876RH 
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Biased at — 19 Volts = 25°C Zo = 752 


Magnitude in dB, Phase Angle in degrees. 


Figure 9. S-Parameters 


Figure 10. Functional Schematic 


Ita = Po + *@ IMD > 60dB © 


PEP = 4X Po @ IMD = -32dB 


Figure 11. Intermodulation Test 
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MOTOROLA _ 
a SEMICONDUCTOR 
TECHNICAL DATA 


CA2885 
CA2885H 


The RE Line 
Wideband Linear Amplifiers 
. designed for amplifier applications in 50 to 100 ohm systems requiring wide 17:7:d8 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 40 550 MH 
with temperature and linear amplification as a result of the push-pull circuit design. WAS. | 
@ Specified Characteristics at Vcc = 24V, Tc = 25°C: WIDEBAND 
Frequency Range — 40 to 550 MHz LINEAR AMPLIFIERS 


Output Power — 2 Watt Min @ 1 dB Compression, f = 200 MHz 
Power Gain — 17.7 dB Typ @ f = 50 MHz 
Noise Figure — 7 dB Typ @ f = 500 MHz 
ITO — 43 dBm Typ @ f = 500 MHz 
@ All Gold Metallization for Improved Reliability 
@ Available in Bent Lead Option and Hermetic Package 


CASE 714F-01, STYLE 1 
CA2885 


MAXIMUM RATINGS 


CASE 826-01, STYLE 1 
CA2885H | 


{= 10- 700 MHz 
Power Gain (f= = 50 MHz) 


Noise Figure, Broadband f = 60 MHz 
f = 500 MHz 


IMD Figure 2. Functional Schematic 
Ito = Po + @ IMD > 60dB 


PEP = 4X Po @ IMD = -320B 
Figure 1. Intermodulation Test 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | 
=a SEMICONDUCTOR @ 
TECHNICAL DATA 


CA2890 
CA2890B | 
CA2890H ~ 


The RF Line _ | "7 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 


§385dB 


bandwidth, low noise and low distortion. This hybrid ‘provides excellent gain stability 40-450 MHz 

with temperature and linear amplification. as a result of the push-pull circuit design. 800 mWATT — 

@ Specified Characteristics at Vcc = 24V,Tc = 25°C a WIDEBAND 
Frequency Range — 40 to 450 MHz = . 


inge | ee LINEAR AMPLIFIERS — 

Output Power — 800 mW Min @ 1 dB Compression, f = 200 MHz: ae Beet 
Power Gain — 38.5 dB Typ @ f = 50 MHz 
Noise Figure — 6 dB Typ @ f = 450 MHz 
ITO — 40 dBm Typ @ f = 450 MHz 

@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


sf ai 


CASE 714F-01, STYLE 1 
CA2890 © 


—20 to +90 °C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V, 50 ohm system unless otherwise ‘> z 
noted) _ he | . Cz 


CA (POS. BENT PIN OPTION) 
CASE 714J-01, STYLE 1 
- CA2890B 


Gain Flatness (f = 40-450 MHz) 
(f = 10-550 MHz) 


Ww 
oi 
co 


oh 


CASE 826-01, STYLE 1 
CA2890H 


| Max | 
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MOTOROLA 
ml SEMICONDUCTOR SARIN SGP PTE TERI TION 
TECHNICAL DATA | 


CA3101 
| CA3101R 

The RF Line a CA3201 
40-Channel (330 MHz) CATV | CA3201R 
Input/Output Trunk Amplifiers ; ; 


. designed for broadband applications requiring low-distortion amplification. Specifi- . 17 dB 


cally intended for CATV market requirements. These amplifiers feature ion-implanted - . 40-330 MHz 
arsenic emitter transistors and an all gold metallization system. The input amplifier is . 40-CHANNEL | 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. CATV INPUT/OUTPUT 


© Broadband Power Gain — @ f = 40-330 MHz ABS ee ene 
Gp = 17.1 dB Typ @ f = 50 MHz 
@ Broadband Noise Figure — @ f = 330 MHz 
NF = 7 dB Max @ f = 330 MHz (CA3101) 
@ Low Distortion @ Voyt = 46 dBmV 
CTB = —63 dB Max (CA3201) 
®@ Available for Both Positive and Negative Supply Voltages 
@ All Gold Metallization for Improved Reliability 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA3101/CA3201. 


MAXIMUM RATINGS 


ass out ge Tord 
[OC Suppiyvotae ——SSCSC~dtCS S| 
er CPL 


CA.(NEG. SUPPLY). 
CASE 714H-01, STYLE 1 
CA3101R/CA3201R . 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) CA3201,R 
CA3101,R 


Cross Modulation Distortion 


(Vout = +46 dBmV per ch., ch. 2 — 40-channel flat) . CA3201,R 
CA3101,R 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch: W — 40-channel flat) | CA3201,R 
CA3101,R 


Noise Figure (f = 330 MHz) CA3201,R 
CA3101,R 


DC Current CA3201,R 
CA3101,R 


MOTOROLA RF DEVICE DATA 


5-80: 


m= SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


The a Line 
40-Channel (330 MHz) CATV | 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. 


e Broadband Power Gain — @ f = 40-330 MHz 
Gp = 17.2 dB Typ @ f = 50 MHz 
® Broadband Noise Figure — @ f = 330 MHz - 
NF = 6 dB Max @ f = 330 MHz (CA3170) 
@ Low Distortion @ Voyt = 46 dBmV 
CTB = —65 dB Max (CA3270) 
@ Available for Both Positive and Negative Supply Voltages 
@ All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


DC Supply Voltage 


Gain Flatness . 
Return Loss — Input/Output (f = 40-330 MHz) 


Second Order intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2,13, R) > CA3270,R 
CA3170,R 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2 — 40-channel flat). | CA3270,R 
CA3170,R 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H2 — 40-channel flat) CA3270,R 
fe CA3170 


Noise Figure (f = 330 MHz) CA3270,R 
CA3170,R 


DC Current CA3270,R 
CA3170,R 


MOTOROLA RF DEVICE DATA 


5-81 


CA3270R © 


. 28 


CA3170 
CA3170R 
CA3270 


17¢B 
40-330 MHz 
40-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA3170/CA3270 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 | 
CA3170R/CA3270R 


MOTOROLA 
= SEMICONDUCTOR & 
TECHNICAL DATA 


CA3180 


The RF Line CA3280 


40-Channel (330 MHz) CATV 
Input/Output Trunk Amplifiers are 


ie . designed for broadband applications requiring low-distortion amplification. Specifi- 40-CHANNEL 
cally intended for CATV market requirements. These amplifiers feature ion-implanted ~ CATV INPUT/OUTPUT 
arsenic emitter transistors and an all gold metallization system. The input amplifier is - 
ay : : ea he : : TRUNK AMPLIFIERS 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. | 


® Broadband Power Gain — @ f = 40-330 MHz 
Gp = 14 dB Typ @ f = 50 MHz 

@ Broadband Noise Figure — @ f = 330 MHz 
NF = 6 dB Max @ f = 330 MHz (CA3180) 

® Low Distortion @ Voyt = 46 dBmV 
CTB = ~—65 dB Max (CA3280) 

®@ All Gold Metallization for Improved Reliability 


CA (POS. SUPPLY) 
. | CASE 714F-01, STYLE 1 
MAXIMUM RATINGS | 
Rating 
RF Voltage Input (Single Tone) . 
DC Supply Voltage 
Operating Case Temperature Range 


Storage Temperature Range 


Frequency Range . 
Power Gain — 50 MHz | . 


Gain Flatness 
Return Loss — Input/Output (f = 40-330 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) CA3280 
=, . CA3180 


Cross Modulation Distortion . 
(Vout = +46 dBmV per ch., ch. 2 — 40-channel flat) CA3280 
CA3180 


Composite Triple Beat . 
(Vout = +46 dBmV per ch., ch. H2 — 40-channel flat) CA3280 
: CA3180 


- Noise Figure (f = 330 MHz) . CA3280 
: CA3180 


DC Current . CA3280 
é CA3180 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


EJ SEMICONDUCTOR | 
TECHNICAL DATA 


oP Sat | | CA3220. 
The RF Line — | CA3220R 
40-Channel (330 MHz) CATV 
Line Extender Amplifiers 


19.5 dB 


| - 40-330 MHz 
. designed for broadband applications requiring low-distortion amplification. Specifi- 40-CHANNEL CATV 
cally intended for CATV market requirements. These amplifiers feature ion- planta? — LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. 7 = AMPLIFIERS 


® Specified 35 Channel, 24 Volt Characteristics: 

Bandwidth — 40-330 MHz 

Power Gain — 19.5 dB Typ @ f = 50 MHz 

Noise Figure — 5.5 dB Max @ f = 330 MHz 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 
® All Gold Metallization for Improved Reliability 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA3220_ 


MAXIMUM RATINGS 


| 
[RF Votege nut Single Tone! ———SS*dSCMn 
[De supply Votege ——SSSCS*~dCSC~i 
oprning sie Tempore ange [To 


- . CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA3220R 


’ Power Gain — 50 MHz 


Return Loss — Input/Output (f = 40-330 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50:dBmvV per ch., ch. 2, 13, R) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 40-channel flat) 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H2, 40-channel flat) 


Noise Figure (f = 50 MHz) 
(f = 330 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


TECHNICAL DATA 


The RF Line 
40-Channel (330 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. 


@ Broadband Power Gain — @ f = 40-300 MHz 
Gp = 22 dB Typ @ f = 50 MHz 
@ Broadband Noise Figure — @ f = 330 MHz 
NF = 5.5 dB Max @ f = 330 MHz 
@ Low Distortion @ Voyt = 46 dBmV 
CTB = —65 dB Max (CA3301) 
@ Available for Both Positive and Negative Supply Voltages 
® All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Rating 


Symbol 
V 
V 


Gain Flatness - 
Return Loss — Input/Output (f = 40-330 MHz) — 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) CA3301,R 


_ CA3300,R 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2 — 40-channel flat) CA3301,R 


CA3300,R 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H2, 40-channel flat) CA3301,R 


CA3300,R 


CA3301,R 
CA3300,R 


CA3301,R 
CA3300,R 


Noise Figure (f = 330 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 
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in 


CA3300 
CA3300R 
CA3301 
CA3301R 


22 dB 
40-330 MHz 
40-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA3300/CA3301 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA3300R/CA3301R 


MOTOROLA 


m= SEMICONDUCTOR 2A ETA 
TECHNICAL DATA 


CAS3600 — 


The RF Line 


40-Channel (330 MHz) CATV 
Line Extender Amplifier 


34 dB 


_ designed for broadband applications requiring low-distortion amplification. Specifi- seek . 
-40-CHANNEL CATV 
cally intended for CATV market requirements. These amplifiers feature ion- umplaltee = Te LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. : mo, ~ AMPLIFIER 


® Specified 35 Channel, 24 Volt Characteristics: 
Bandwidth — 40-330 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 
Noise Figure — 5.5 dB Max @ f = 330 MHz 
e Superior Gain, Return Loss and DC Current Stability with Temperature 
@ All Gold Metallization for Improved Reliability 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 


MAXIMUM RATINGS 


tng i 
[AF Votege np SngleTone) SSS 
Dc suppiyvotage —SSSCSCS~C~—S~“~S*S*S*ST 
[onring Css Tenparre fares te 


ELECTRICAL CHARACTERISTICS (Vcc = 24 V, Tc = 25°C, 75 0 system unless otherwise noted) 


Characteristic 


--20 to +100 
—40 to aia 


Frequency Range 
Power Gain — 50 MHz 


stl 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) 


Cross Modulation Distortion 
‘(Vout = +46 dBmV per ch., ch. 2, 40-channel flat) 


Composite Triple Beat  CTB 
(Vout = +46 dBmV per ch., ch. H2, 40-channel flat) 
Noise Figure (f = 50 MHz) | | NF — 45) 
(f. = 330 MHz) — [55° 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR | 
TECHNICAL DATA 


The RF Line | 
40-Channel (330 MHz) CATV _— 
Line Extender Amplifier oe, 


CA3700 


38 dB 


a designed for broadband applications requiring low-distortion amplification. Specifi- . : eu coee owe 

‘ ae : oa Cee a 40-CHANNEL CATV 
cally intended for CATV market requirements. These amplifiers feature ion-implanted LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. AMPLIFIER. 


@ Specified 35 Channel, 24 Volt Characteristics: 

Bandwidth — 40-330 MHz 

Power Gain — 38 dB Typ @ f = 50 MHz 

Noise Figure — 5.5 dB Max @ f = 330 MHz 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 
© All Gold Metallization for Improved Reliability 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 


MAXIMUM RATINGS 


Return Loss — Input/Output (f = 40-330 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, 13, R) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 40-channel flat) 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H2, 40-channel flat) 


“Noise Figure (f = 50 MHz) 
(f = 330 MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
a SEMICONDUCTOR & 
TECHNICAL DATA 


CA4101 

CA4101R 
CA4201 | 

CA4201R — 


The RF Line 
52-Channel (400 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 17 dB 

cally intended for CATV market requirements. These amplifiers feature ion-implanted == 40-400 MHz 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 52-CHANNEL 

tuned for minimum noise figure while the output amplifier is tuned for minimum CATV INPUT/OUTPUT 
distortion. TRUNK AMPLIFIERS 


, @ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 400. MHz 
Power Gain — 17.1 dB Typ @ f = 50 MHz 
Noise Figure — 7.5 dB Typ Ch. H14 (CA4101) 
CTB — —58 dB Max (CA4201) 
@ All Gold Metallization System for Improved Reliability 
@ Available in Both Positive and Negative Supply Voltages 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA4101/CA4201 


MAXIMUM RATINGS 


ee 


_ ELECTRICAL CHARACTERISTICS (Vcc = 24 V, Tc = 25°C, 75 © system unless otherwise noted) 


CC harnteits—Smboh [Min 
ow | «0 
ce 
Ss , 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA4101R/CA4201R 


[FreweneyRorgeSSSSCSC~S~S 
Mies ee ee 
a 


Second Order Intermodulation Distortion ae 


(Vout = +50 dBmvV per ch., ch. 2, 13, R) CA4201,R 
CA4101,R 

(Vout = +50 dBmvV per ch., ch. G, N, H14) CA4201,R 
| CA4101,R 


Cross Modulation Distortion CA4201,R XMD52- 
(Vout = +46 dBmV per ch., ch. 2, 52-channel flat) CA4101,R 
Composite Triple Beat CA4201,R CTB52 
(Vout = +46 dBmvV per ch., ch. H14, 52-channel flat) CA4101,R |. 
Noise Figure (f = Ch. H14) CA4201,R NF 8 
CA4101,R 7.5 
DC Current CA4201,R Ipc 210 
CA4101,R 170 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


CA4170 
CA4170R 
CA4270 
CA4270R 


The RF Line 
52-Channel (400 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 17 dB 

cally intended for CATV market requirements. These amplifiers feature ion-implanted 40-400 MHz 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 52-CHANNEL 
tuned for minimum noise figure while the output amplifier is tuned for minimum CATV INPUT/OUTPUT 


distortion. TRUNK AMPLIFIERS 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 400 MHz 
Power Gain — 17.2 dB Typ @ f = 50 MHz 
Noise Figure — 6.5 dB Max @ f = 400 MHz (CA4170) 
CTB — —62 dB @ Voyt = 46 dBmV (CA4270) 

@ All Gold Metallization System for Improved Reliability 

@ Available in Both Positive and Negative Supply Voltages 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA4170/CA4270 


MAXIMUM RATINGS 


—40 to + 100 


Storage Temperature Range 
Frequency Range 
Power Gain — 50 MHz ; : 


Return Loss — Input/Output (f = 40-400 MHz) | IRL/ORL 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA4170R/CA4270R 


Second Order Intermodulation Distortion CA4270,R -68 dB 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) CA4170,R —64 
Cross Modulation Distortion CA4270,R XMD52 
(Vout = +46 dBmV per ch., ch. 2, 52-channel flat) CA4170,R 


Noise Figure (f = 400 MHz) CA4270,R NF 
. CA4170,R 


DC Current CA4270,R 
CA4170,R 


Composite Triple Beat CA4270,R CTB52 
(Vout = +46 dBmV per ch., ch. H14, 52-channel flat) CA4170,R 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
=a SEMICONDUCTOR =m 
TECHNICAL DATA 


ie oes CA4180 
The RF Line CA4280 
52-Channel (400 MHz) CATV ee 
Input/Output Trunk Amplifiers 


14 dB 


40-400 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- 52-CHANNEL 
cally intended for CATV market requirements. These amplifiers feature ion-implanted CATV INPUT/OUTPUT 
arsenic emitter transistors and an all gold metallization system. The input amplifier is TRUNK AMPLIFIERS 


tuned for minimum noise figure while the output amplifier is tuned for minimum. 
distortion. . 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 400 MHz 
Power Gain — 14 dB Typ @ f = 50 MHz 
Noise Figure — 6.5 dB Max @ f = 400 MHz (CA4180) 
CTB — —62 dB @ Voyt = +46 dBmV (CA4280) 
@ All Gold Metallization System for Improved Reliability 
@ Available in Both Positive and Negative Supply Voltage Versions 


MAXIMUM RATINGS 


CSS 


Frequency Range . | Bw 
Power Gain — 50 MHz Li Ge - | : 
a 


Poinfomess——SC“‘“‘*‘“‘“‘;CSt*drtSC 
Return Loss — Input/Output (f = 40-400 MHz) IRL/ORL 


CA4280 
CA4180 


Characteristic : 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion CA4280 
(Vout = +46 dBmV per ch., ch. 2, 52-channel flat) CA4180 


Composite Triple Beat . CA4280 CTB52 
(Vout = +46 dBmV per ch., ch. H14, 52-channel flat) CA4180 


Noise Figure (f = 400 MHz) CA4280 NF 
: CA4180 


DC Current | CA4280 Ipc 
| ; _ CA4180 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
m= SEMICONDUCTOR m@ 
TECHNICAL DATA 


aan CA4220 
The RF Line | CA4220R 


52-Channel (400 MHz) CATV 
Input/Output Trunk Amplifiers | GP eeae 


40-400 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- 52-CHANNEL 
cally intended for CATV market requirements. These amplifiers feature ion-implanted : CATV LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. The input amplifier is AMPLIFIERS 
tuned for minimum noise figure while the output amplifier is tuned for minimum 
distortion. 


® Specified Characteristics at Vcc = 24 V, Tc = 25°C: 
Frequency Range — 40 to 400 MHz 
Power Gain — 19.5 dB Typ @ f = 50 MHz 
Noise Figure — 6 dB Max @ f = 400 MHz 
CTB — —62 dB Max @ Voyt = 46 dBmV 
@ All Gold Metallization System for Improved Reliability 
@ Available in Both Positive and Negative Supply Voltages 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA4220 


MAXIMUM RATINGS 


[Rating ——SSS~*dC tl 


- CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA4220R 


Second Order Intermodulation Distortion 


(Vout = +50 dBmV per ch., ch. 2, H5, H14) (| 
Cross Modulation Distortion XMD52 

(Vout = +46 dBmV per ch., ch. 2, 52-channel flat) 
Composite Triple Beat | | CTB52 

(Vout = +46 dBmV per ch., ch. H14, 52-channel flat) 


Noise Figure (f = 50 MHz) NF 
(f = 400 MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | 
a SEMICONDUCTOR & 
TECHNICAL DATA 


CA4300 

CA4300R 
CA4301 — 

CA4301R 


The RF Line | | 
52-Channel (400 MHz) CATV. 
Input/Output Trunk Amplifiers _ 


... designed for broadband applications requiring low-distortion amplification. Specifi- 


22 dB 


cally intended for CATV market requirements. These amplifiers feature ion-implanted 40-400 MHz | 
arsenic emitter transistors and an all gold metallization system. The input amplifier is - 52-CHANNEL | 
tuned for minimum noise figure while the output amplifier is tuned for minimum CATV INPUT/OUTPUT 
distortion. : | 


TRUNK AMPLIFIERS 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 400 MHz | 
Power Gain — 22 dB Typ @ f = 50 MHz 
Noise Figure — 5.5 dB @ f = 400 MHz (CA4300) 
CTB — —61 dB @ Voyt = 46 dBmV (CA4301) ~ 
@ All Gold Metallization System for Improved Reliability 
®@ Available in Both Positive and Negative Supply Voltages 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA4300/CA4301 


MAXIMUM RATINGS | - 


= 
Tc 


Frequency Range ; 


NO 
[ee] 


CA (NEG. SUPPLY). _ 
“CASE 714H-01, STYLE 1 
CA4300R/CA4301R 


—20 to +100 
—40 to +100 


Second Order Intermodulation Distortion ; . CA4301,R . 
(Vout = +50 dBmvV per ch., ch. 2, H5, H14) _CA4300,R- 


Cross Modulation Distortion ~~ CA4301,R 
- (Vout = +46 dBmV per ch., ch. 2, 52-channel flat) _ CA4300,R 


CA4301,R 
-CA4300,R 


CA4301,R > 
CA4300,R 


DC Current . . ; CA4301,R Ipc 
CA4300,R 


BW. 
Power Gain — 50 MHz . Gp | 
S 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H14, 52-channel flat) 


Noise Figure (f = 400 MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


m= SEMICONDUCTOR ee 
TECHNICAL DATA ) a 


CA4411 


The RF Line CA4412 


26-Channel (200 MHz) CATV 


Input/Output Reverse Amplifiers | Gaal 
5-200 MHz 

... designed specifically for use as return amplifiers for mid-split and high-split 2-way — CATV 

cable TV systems. The input amplifier is tuned for minimum noise while the output INPUT/OUTPUT 


amplifier is tuned for minimum distortion. REVERSE 


@ Specified 24 Volt Characteristics | a AMPLIFIERS 
Bandwidth — 5 to 200 MHz 
Power Gain — 13 dB Typ @ f = 10 MHz 
Noise Figure — 5.5 dB Max @ f = 200 MHz (CA4411) 
CTB — —65 dB @ Voyt = 50 dBmV (CA4412) 
@ All Gold Metallization for Improved Reliability 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 


Frequency Range 7 | BW 
Power Gain — 10 MHz 2 Ges 4 


IRL/ORL 


Characteristic 


Gain Flatness 


(f = 5-150 MHz) 
(f = 150-200 MHz) 


Second Order Intermodulation Distortion 
(Vout = +55 dBmV per ch., ch. 2, ch. 6) 


Cross Modulation Distortion . — CA4411 . 
(Vout = +50 dBmV per ch., ch. 2, 26-channel flat) CA4412 


Composite Triple Beat CA4411 
(Vout = +50 dBmV per ch., ch. 11, 26-channel flat) CA4412 


Noise Figure (f = 200 MHz) 


Return Loss — Input/Output 


XMD26 


. DC Current CA4411 
. CA4412 


BW 

Gp. 
-. CTB 

NF 

Ipc 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


a SEMICONDUCTOR @ 
TECHNICAL DATA 


The RF Line 


26-Channel (200 MHz) CATV 
Reverse Amplifiers | | 


... designed specifically for use as return amplifiers for mid-split and high-split 2-way 
cable TV systems. 


® Specified 24 Voit Characteristics 

Bandwidth — 5 to 200 MHz 

Power Gain — CA4418 18.5 dB Typ @ f = 10 MHz 

| CA4422 22 dB Typ @ f = 10 MHz 
Noise Figure — CA4418 4.5 dB Typ @ f = 200 MHz 
CA4422 5 dB Typ @ f = 200 MHz 

@ All Gold Metallization for Improved Reliability 
® Available for Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS | 


ELECTRICAL CHARACTERISTICS (Vcc = 24 V, Tc = 25°C, 75 O system unless otherwise noted) 


Characteristic _ 


Frequency Range 
Power Gain — 10 MHz 


Value 
+65 


dBmV 

Vdc. 
°C 
°C 


-20 to +100 
— 40 to +100 


Symbol 
BW 


CA4418,R G 
CA4422,R 


j 


Gain Flatness 


a] 


Return Loss — Input/Output (f = 5-150 MHz) IRL/ORL 20 
(f = 150-200 MHz) 

Second Order Intermodulation Distortion CA4418,R 

(Vout = +55 dBmV per ch., ch. 2, ch. 6) CA4422,R 
Cross Modulation Distortion CA4418,R XMD26 

(Vout = +50 dBmV per ch., ch. 2, 26-channel flat) CA4422,R 
Composite Triple Beat CA4418,R CTB 

‘(Vout = +50 dBmvV per ch., ch. 11, 26-channel flat) CA4422,R 

Noise Figure (f = 200 MHz) CA4418,R N 


CA4422,R 


CA4418,R Ipc 
CA4422,R 


E 


DC Current 


~-MOTOROLA RF DEVICE DATA 


5-93 


CA4422R 


CA4418 
CA4418R 
CA4422 


18.5/22 dB 
5-200 MHz 
CATV 
REVERSE 
AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA4418/CA4422 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA4418R/CA4422R 


MOTOROLA 


aa SEMICONDUCTOR | 
TECHNICAL DATA 


The RF Line CA4600 — 


52-Channel (400 MHz) CATV 
Line Extender Amplifier 


34 dB 
... designed for broadband applications requiring low-distortion amplification. Specifi- a0 400 Nine 
: : : ste eae 52-CHANNEL 
cally intended for CATV market requirements. This amplifier features ion-implanted 
: ages CATV LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. “AMPLIFIER 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 400 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 
Noise Figure — 6 dB Max @ f = 400 MHz 
CTB — —61 dB Max @ Voyt = 46 dBmV 
@ All Gold Metallization System for Improved Reliability 
® Superior Gain, Return Loss and DC Current Stability with Temperature 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 


MAXIMUM RATINGS 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 52-channel flat) 


_ Noise Figure (f = 50 MHz) 
(f = 400 MHz) 


MOTOROLA RF DEVICE DATA 
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= SEMICONDUCTOR PEE 


MOTOROLA _ 3 a fo att 
TECHNICAL DATA het ets 


CA4700 


The AF Line 
52-Channel (400 MHz) CATV 
Line Extender Amplifier | 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. This amplifier features ion-implanted 


arsenic emitter transistors and an all gold metallization system... 28 : 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 400 MHz 
Power Gain — 38 dB Typ @ f = 50 MHz 
Noise Figure — 6 dB Max @ f = 400 MHz 
CTB — —60 dB Max @ Voyt = 46 dBmV 
© All Gold Metallization System for Improved Reliability 


38 dB 
40-400 MHz 
52-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIER 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 


MAXIMUM RATINGS. 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 52-channel flat) 


Noise Figure (f = 50 MHz) 
(f = 400 MHz) 


DC Current 


MOTOROLA RF DEVICE. DATA 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


CA4800 


CA4800H 
The RF Line 


Wideband Linear Amplifiers 


17 dB 
10-1000 MHz 


| 400 mWATT 
. designed for amplifier applications in 50 to 100 ohm systems requiring wide WIDEBAND 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability LINEAR AMPLIFIERS 
with temperature and linear amplification as a result of the push-pull circuit design. 


e Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ @ 1 dB Compression, f = 500 MHz 
Power Gain — 17 dB Typ @ f = 100 MHz 
PEP — 320 mW Typ @ —32 dB IMD 
Noise Figure — 6.5 dB Typ @ f = 500 MHz 
ITO — 40 dBm Typ @ f = 1000 MHz 
@ All Gold Metallization for Improved Reliability 
® Available in Bent Lead Option and Hermetic Package 


CASE 714P-01, STYLE 2 


MAXIMUM RATINGS 


—55 to +125 CASE 826-01, STYLE 6 


Noise eee Broadband f = 500 MHz 
f = 1000 MHz 


inpulOutbat VSWR_ f = 40-860 MHz 
f = 10-1000 MHz 


Second Harmonic Distortion (Pp = 100 mW, fH = 1000 MHz) 


Peak Envelope Power (Two Tone Distortion Test —- See Figure 11) 
(f = 500 MHz @ —32 dB IMD) 


Supply Current 


intermodulation Distortion, 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = —10 dB, 
Sideband Signal = —17 dB. See Figure ve 
f = 860 MHz, Psync = 200 mW) 


Note: Bent lead option for CA4800 is available in Case 714R-01/2. 


MOTOROLA RF DEVICE DATA 
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‘CA4800, CA4800H 


TYPICAL CHARACTERISTICS 


a = 
Ss S 
3 Z 
3 S 
uu o 
= Lu 
3 : 
o 5 

oO 

. ‘, FREQUENCY (MHz), | f, FREQUENCY (MHz) | 
Figure 1. Frequency Response versus Voltage Figure 2. Frequency Response versus Temperature 


NF, NOISE FIGURE (dB) - 


| f, FREQUENCY (MHz) | 
Figure 3. Noise Figure versus Frequency — 


Pot dB, 1 dB COMPRESSION POINT (dB\n) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
_ Figure 4. 1 dB Compression versus Frequency Figure 5. Peak Envelope Power versus Frequency 


: Ps ne = 150 mW 
veo = 24V 
Te = 25°C 


ITO, 3RD ORDER INTERCEPT POINT (dBm) 


IMD, INTERMODULATION: DISTORTION (dB) 


500 1000 . a 2 500 1000 


f, FREQUENCY (MHz) . 4 f, FREQUENCY (MHz) 
Figure 6. Third Order Intercept versus Frequency | _ Figure 7. Intermodulation Distortion versus Frequency 


MOTOROLA RF DEVICE DATA 
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CA4800, CA4800H 


Voc = 24V 


a Py = 20dBm 
= To = 26°C 
ro) 
-- a 
cc an 
: S 
iam Qa 
4 a. 
= 5 
o a 
S oO 
[o) 
© 
77) 
ea 
a= 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 8. Second Harmonic Distortion ' Figure 9. Group Delay versus Frequency 
versus Frequency 
Biased at 24 Volts 
220mA 
Zo = 50 Ohms 
Frequency (MHz) S11 $21 «$12 $22 k 
10 — 25.26. 416.3 16.71 13.8 — 43.08 —~34.0 - —12.00 95.3 9.766 
110. — 39.97 117.8 17.35 ~ 47.1 — 42.15 ~8.6 — 18.41 33.7 8.596 
210 — 31.20 1300 1735 . ~92.1 — 41.04 -—99.1 ~ 17.27 22.1 7.534 
310 — 27.75 117.0 . 17.29  =138.1 — 39.80 — 18.4 ~16.91 | 9.4 6.568 
410 - — 27.26 114.0 17.24 177.3 — 38.31 — 28.4 ~ 17.64 -42 5.588 
510 — 25.39 125.3 17.14 © 132.2 — 36.36 — 39.7 ~ 18.85 -19.7 4.547 
610 — 21.39 125.2 16.87 88.3 — 34.46 — 56.3 ~ 19.92 - 43.8 3.784 
710 = 18.22 104.8 16.66 44.3 — 32.66 — 74.2 ~ 20.26 — 85.4 3.146 
810 — 16.08 71.8 16.50 1.4 — 30.48 — 94.0 — 18.80 ~ 137.1 2.488 
910 — 12.87 29.5 16.74 ~ 42.7 — 28.03 — 117.4 ~ 15.81 166.5 1.794 
1010 -859 -208 16.79 ~ 92.1 — 25.74 — 146.5 ~12.71 104.8 1.253 


| Figure 10. S-Parameters 


Figure 11. 2-Tone Intermodulation Test Figure 12. 3-Tone TV intermodulation Test 


IMD fa = Vi 
Iro = Po + ——— @ IMD > 60 cB __ 1 = Video | 
70 = "ro 2 @ fg = Sideband | 
PEP = 4x Pg @ IMD = —32 dB ; f3 = Sound — 
| PIN CONFIGURATION | 


C1, 2,3, 4 = 0.1 mFd (CHIP) 
R1 = 200 OHMS, 1 WATT 


Figure 13. External Connections — 


MOTOROLA RF DEVICE DATA 


5-98 


MOTOROLA 
TECHNICAL DATA 


The RF Line | 
Wideband Linear Amplifiers 


. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
© Specified Characteristics at Vcc = 12 V, Tc = 25°C: 

Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ @ 1 dB Compression, f = 500 MHz 
PEP — 320 mW Typ @ —32 dB IMD 
Noise Figure — 6.5 dB Typ @ f = 500 MHz 
ITO — 40 dBm @ f = 1000 MHz. 
e@ All Gold Metallization for Improved Reliability 
® Available in Bent Lead Option and Hermetic Package 
®@ Optimized for 12 Volt Operation 


MAXIMUM RATINGS 


ee 
Sn 
PAF Powerinpst—SSCS~S~Si 
[Operating Case Temperate Range «dT 


Characteristic 


Frequency Range 
Gain Flatness (f = 10-1000 MHz) 
Power Gain (f = 100 MHz) 


Noise Figure, Broadband f = 500 MHz 
f = 1000 MHz 


Input/Output VSWR_ f = 40-860 MHz 
f = 10-1000 MHz 


Second Harmonic Distortion (Pg = 100 mW, foy = 1000 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 500 MHz @ —32 dB IMD) 


Supply Current 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = —10 dB, 
Sideband Signal = —17 dB. See Figure 12. 
f= 860 MHz, Psync = 200 mW) 


Note: Bent lead option for CA4812 is available in Case 714R-01 (Style 3). 


MOTOROLA RF DEVICE DATA 


R_aAa 


a SEMICONDUCTOR PA NR TER A 


CA4812 
CA4812H 


17 dB 
10-1000 MHz 
400 mWATT 

WIDEBAND — 

LINEAR AMPLIFIERS 


CASE 714P-01, STYLE 3 
CA4812 


(|e 


SIP 
CASE 826-01, STYLE 7 
CA4812H | 


CA4812, CA4812H 


TYPICAL CHARACTERISTICS 


3 g 
z = 
& cr 
o eB 
3S 2 
a = 
2 2 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Frequency Response versus Voltage Figure 2. Frequency Response versus Temperature 


NF, NOISE FIGURE (dB) 


- f, FREQUENCY (MHz) 


Figure 3. Noise Figure versus Voltage 
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f, FREQUENCY (MHz) 3 f, FREQUENCY (MHz) 

Figure 4. 1 dB Compression versus Voltage Figure 5. Peak Envelope Power versus Voltage . 


MOTOROLA RF DEVICE DATA 


5-100 


CA4812, CA4812H 
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= : 42 | = 
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Figure 6. Third Order Intercept versus Voltage Figure 7. intermodulation: TV Test 
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3 To = 28°C Voc = 12V 
ra Pout = 20 dBm To = 25°C 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 8. Second Harmonic Distortion Figure 9. Group Delay versus Frequency 
versus Frequency 
Biased at 12 Volts 
378mA 
Zo = 50 Ohms 
Frequency (MHz) $11 $21 $12 $22 k 
10 — 26.45 12041 16.50 14.2 — 43.49 16.8 — 11.58 98.1 10.425 
110 — 39.42 132.5 17.24 ~ 47.2 — 42.25 ~0.5 — 18.18 39.2 8.802 
210 = 37.92 133.7 17.15 ~ 92.3 — 41.15 ~4.7 ~ 16.72 29.3 7.787 
310 97.70 118.8 17.39 — 138.6 — 39.61 — 13.4 a 16-22 20.5 6.325 
410 = 27.24 119.2 17.33 176.2 ~ 37.91 — 241 ~ 16.30 — 13.6 5.249 
510. — 24.56 139.6 17.22 130.5 — 36.08 4138.9 — 16.64 -5.6 4,329 
610 ~ 19.44 136.4 16.97 86.1 -34.27 . ~55.2 ~ 17.26 -~6.6 3.622 
710 — 15.98 113.6 16.76 41.6 — 32.16 $47 ~ 19.19 — 27.0 2,926 
810 — 14.04 76.9 16.66 aah, — 30.01 ~ 95.6 — 25.19 ~ 55.8 2,339 
910 — 11.66 31.1 16.93 ~ 46.4 — 27.63 24202 — 25.82 119.3 1.728 
1010 ~ 7.98 — 24.7 16.99 ~ 97.3 — 25.33 — 150.7 =1343 66.2 1.208 


Figure 10. S-Parameters 


MOTOROLA RF DEVICE DATA 


5-101 


CA4812, CA4812H 


IMO | Vi 
Ito = Po + —-—— @ IMD > 60dB fh. video 
To = Po + —-—- @ IMD > 60 f2: sideband 
PEP = 4X Po @ IMD = —32dB 3: sound 
Figure 11. 2-Tone intermodulation Test . Figure 12. 3-Tone TV Intermodulation Test 
PIN CONFIGURATION 


123 4 567 89 


C1, 2,3 = 0.1 mFd (CHIP) Ee 


Figure 13. External Connections 


MOTOROLA RF DEVICE DATA 


5-102 


MOTOROLA 


= SEMICONDUCTOR aamm 
TECHNICAL DATA 


| CA4815 
The RF line. 2 : hae sale CA4815H 
Wideband Linear Amplifiers | , 


. designed for amplifier applications i in 50 to 100 ohm systems requiring wide — a 17 dB 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability = ~ 10-1000 MHz 

with temperature and linear amplification as a result of the push-pull circuit design. - 400 mWATT 

@ Species Characteristics at Vcc = 15 V, To = 25°C: ~~ = WIDEBAND 
Frequency Range — 10 to 1000 MHz a es Atti, LINEAR AMPLIFIERS 


Output Power — 400 mW Typ @ 1 dB Garnipadcion: f = 500 MHz 
Power Gain — 17 dB Typ @ f = 100 MHz 
PEP — 320 mW Typ @ —32 dB IMD 
Noise Figure — 6.5 dB Typ @ f = 500 MHz | 
ITO — 40 dBm Typ @ f = 1000 MHz 
@ Ail Gold Metallization for Improved Reliability 
©® Available in Bent Lead Option and Hermetic Package 
@ Optimized for 15 V Operation 


CASE 714P-01, STYLE 3 
CA4815 


MAXIMUM RATINGS 


DC Supply Voltage fee 
RF Power Input b. Pins, eI 
Operating Case Temperature Range Pe hes © | 


SIP 
CASE 826-01, STYLE 7 
CA4815H 


Storage Temperature Range 


Characteristic 
Frequency Range 
Gain Flatness (f = 10-1000 MHz) 
Power Gain (f = 100 MHz) 


Noise Figure, Broadband f = 500 MHz 
f = 1000 MHz 


Power Output — 1 dB Compression (f = 500 MHz) 
Third Order Intercept (See Figure 1, f7 = 10-1000 MHz). 


Input/Output VSWR_ sf = 40-860 MHz 
f = 10-1000 MHz 


Second Harmonic Distortion (Pp = 100 mW, fay = 1000 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 1) 
(f =. 500 MHz @ — 32 dB IMD) 


Supply Current 


intermodulation Distortion, 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = ~—10 dB, 
Sideband Signal = —17 dB. See Figure 2. 
f = 860 MHz, Psync = 200 mW) 


Note: Bent lead option for CA4815 is available in Case 714R-01 (Style 3). 


MOTOROLA RF DEVICE DATA 


5-103 


CA4815, CA4815H 


IMD 


hee iMD-> 6008 . f1: video | 
ro = Po + —5 @ fz: sideband 


PEP = 4X Po @ IMD = —32dB f3: sound 


Figure 1. 2-Tone Intermodulation Test Figure 2. 3-Tone TV Intermodulation Test 


PIN CONFIGURATION 


C1, 2,3 = 0.1 mFd (CHIP) 


Figure 3. External Connections 


MOTOROLA RF DEVICE DATA 


5-104 


MOTOROLA 


O | 
mt SEMICONDUCTOR liane 


TECHNICAL DATA 


The RF Line 
60-Channel (450 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted | 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise figure while the output amplifier is tuned for minimum . 
distortion. 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 18.2 dB Typ @ f = 50 MHz 
Noise Figure — 6.5 dB Max @ f = 450 MHz (CA5101) 
CTB — —59 dB @ Vout = 46 dBmvV (CA5201) 

@ All Gold Metallization System for Improved Reliability 

® Available in Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS 


Rating ——SSSSSSS*dCS [va 


ee 
[ceinfenessSCSC“C~‘“*‘“‘SCSC*dYCCC +t 
Return Loss — Input/Output (f = 50-450 MHz) 


Second Order |Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion 
(Vout = +46 dBmvV per ch., ch. 2, 60-channel flat) 


CA5201,R 
CA5101,R 


CA5201,R 
CA5101,R 


CA5201,R CTB 
CA5101,R 


CA5201,R_ NF 
CA5101,R 


CA5201,R 
CA5101,R 


Composite Triple Beat 
(Vout = +46 dBmvV per ch., ch. H22, 60-channel flat) 


Noise Figure (f = 450 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 


5-105 


CA5101— 


CA5101R 
CA5201 
CA5201R 


18 dB 
40-450 MHz 


60-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS | 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA5101/CA5201 


CA (NEG. SUPPLY) 
CASE .714H-01, STYLE 1 
CA5101R/CA5201R 


ma SEMICONDUCTOR | 


MOTOROLA 
TECHNICAL DATA 


The RF Line 
60-Channel (450 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise figure while the output amplifier is tuned for minimum | 
distortion. 
® Specified Characteristics at Vcc = 24V, Tc = 25°C: 

Frequency Range — 40 to 450 MHz 

Power Gain — 17.2 dB Typ @ f = 50 MHz 

Noise Figure — 7 dB Max @ f = 450 MHz (CA5170) 

CTB — ~—59 dB Max @ Voyt = 46 dBmV (CA5270) 
@ All Gold Metallization System for Improved Reliability 
@ Available in Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS 


Value 


dBmvV 
d 
°C 
°C 


RF Voltage Input (Single Tone) -+66 
DC Supply Voltage | 28 
—20 to +100 


—40 to +100 


Operating Case Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 24 V, Tc = 25°C, 75 2 system unless otherwise noted) 


Characteristic Symbol 


wo 
= 


Frequency Range 
Power Gain — 50 MHz 


Gain Flatness 


Q) 


Return Loss — Input/Output (f = 40-450 MHz) | IRL/ORL 
Second Order intermodulation Distortion CA5270,R 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) CA5170,R 
Cross Modulation Distortion CA5270,R XMD¢60 
(Vout = +46 dBmV per ch., ch. 2, 60-channel flat) CA5170,R 
Composite Triple Beat CA5270,R CTBéo 
(Vout = +46 dBmV per ch., ch. H22, 60-channel flat) CA5170,R | 
Noise Figure (f = 450 MHz) CA5270,R NF 
CA5170,R 
DC Current - CA5270,R Ipc 
CA5170,R 


MOTOROLA RF DEVICE DATA 


5-106 


< 
oO 


CA5170 
CA5170R 
CA5270 
CA5270R 


17 dB 
40-450 MHz 
60-CHANNEL 

CATV INPUT/OUTPUT 

TRUNK AMPLIFIERS © 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA5170/CA5270 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA5170R/CA5270R 


MOTOROLA | 
ma SEMICONDUCTOR 
TECHNICAL DATA 


ean a6 | CA5180 
The RF Line CA5280 
60-Channel (450 MHz) CATV 
Input/Output Trunk Amplifiers  §§$|§ = ,. 


40-450 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- 60-CHANNEL 
cally intended for CATV market requirements. These amplifiers feature ion-implanted CATV INPUT/OUTPUT 
arsenic emitter transistors and an all gold metallization system. The input amplifier is TRUNK AMPLIFIERS © 
tuned for minimum noise figure while the output amplifier is tuned for minimum 


distortion. 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 14 dB Typ @ f = 50 MHz 
Noise Figure — 7 dB Max @ f = 450 MHz (CA5180) 
CTB — —59 dB @ Voyt = 46 dBmV (CA5280) 

e Ail Gold Metallization System for Improved Reliability 


MAXIMUM RATINGS 


Return Loss — Input/Output (f = 40-450 MHz) 
Second Order Intermodulation Distortion CA5280 
~ (Vout = +50 dBmV per ch., ch. 2, H5, H14) CA5180 
Cross Modulation Distortion CA5280 
(Vout = +46 dBmV per ch., ch. 2, 60-channel flat) CA5180 


Composite Triple Beat CA5280 CTB 159 
(Vout = +46 dBmV per ch., ch. H22, 60-channe! flat) CA5180 —55 


Noise Figure (f = 450 MHz) CA5280 NF 
CA5180 


DC Current 


-CA5280 
CA5180 


MOTOROLA RF DEVICE DATA 


5-107 


a SEMICONDUCTOR &@ 


MOTOROLA 


TECHNICAL DATA 


The RF Line 


60-Channel (450 MHz) CATV 
Line Extender Amplifiers 


. designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise figure while the output amplifier is tuned for minimum 
distortion. 


© Specified Characteristics at Vcc = 24 V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 19.5 dB Typ @ f = 50 MHz 
Noise Figure — 6.5 dB Max @ f = 450 MHz 
CTB — —59 dB Max @ Voyt = 46 dBmV 
@ All Gold Metallization System for Improved Reliability 
@ Available in Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS 


Value 


“ee 


Rating 


RF Voltage Input (Single Tone) 
DC Supply Voltage 

—20 to +100 
—40 to +100 


Operating Case Temperature Range 


Storage Temperature Range 


Characteristic a 
Frequency Range 


Power Gain — 50 MHz 


+ 
j=) 
iS) 


Slope 
Gain Flatness 
Return Loss — Input/Output (f = 40-450 MHz) IRL/ORL 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 60-channel flat) 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H22, 60-channel flat) 


Noise Figure (f = 50 MHz) 
(f = 450 MHz) 


XMD6o 


CTBeé0 


MOTOROLA RF DEVICE DATA. 


5-108 


CA5220 
CA5220R 


19.5 dB 
40-450 MHz 
60-CHANNEL 

CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA5220R 


MOTOROLA 
_ TECHNICAL DATA 


The RF Line ; 
60-Channel (450 MHz) CATV 
Input/Output Trunk Amplifiers: 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 22 dB Typ @ f = 50 MHz 
Noise Figure — 6 dB Max @ f = 450 MHz (CA5300) 
CTB — —57 dB Max @ Voyt = 46 dBmV (CA5301) 

@ All Gold Metallization for Improved Reliability 

@ Available in Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS 


‘pomuiene 
a 
[Operating Case Temperature Range ——~=~S~*d;Cie~_—=+di 010 0 


Return Loss — Input/Output (f = 40-450 MHz) IRL/ORL 


Second Order Intermodulation Distortion CA5301,R 
(Vout = +50 dBmvV per ch., ch. 2, H5, le CA5300,R 


CA5301,R 
CA5300,R 


CA5301,R 
CA5300,R 


CA5301,R 
CA5300,R 


CA5301,R 
CA5300,R 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 60- channel flat) 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H22, 60-channel flat) 


Noise Figure (f = 450 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 


5-109 


| SEMICONDUCTOR Soe A A 


CA5300 
CA5300R | 
CA5301 
CA5301R° 


22 dB 
40-450 MHz 
60-CHANNEL 


CATV INPUT/OUTPUT 


TRUNK AMPLIFIERS 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA5300/CA5301 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
CA5300R/CA5301R 


MOTOROLA | 
ms SEMICONDUCTOR mm 
TECHNICAL DATA | 


The RF Line’ | 
60-Channeli (450 MHz) CATV 
Line Extender Amplifiers | 


... designed for broadband applications requiring low-distortion amplification. Specifi- 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. : 


® Specified Characteristics at Vcc = 24 V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 18.5 dB Typ @ f = 50 MHz 
Noise Figure — 7 dB Max @ f = 450 MHz 
CTB — —65 dB Max @ Voyt = 46 dBmV 
@ All Gold Metallization for improved Reliability 
e@ Available in Both Positive and Negative Supply Voltages 


MAXIMUM RATINGS 


RF Voltage Input (Single Tone) ‘ 


< 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vv, Tc = 25°C, 75 2 system unless otherwise noted) 


Frequency Range ; 
Power Gain — 50 MHz a 
NF 
. Ibe 


°C 


"# 18 
Return Loss — Input/Output (f = 40-450 MHz) ~ JRL/ORL 18 


Second Order {[ntermodulation Distortion 
(Vout = +50 dBmvV per ch., ch. 2, H5, H14) . 


Gain Flatness | 


_ Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 60-channel flat) _ 


. XMD¢0 


Composite Triple Beat 
(Vout =.+46 dBmV per ch., ch. H22, 60-channel flat) 


CTBgéo 
Noise Figure (f = 50 MHz) i 
(f = 450 MHz) 


PpeGiwen —SSSSCSC~“C~“‘“~*‘“*~“*“‘*~*~*~*~sdST 


+ 
i=) 
WO 


MOTOROLA RF DEVICE DATA 


5-110 


CA5501 
CA5501R 


18.5 dB 
40-450 MHz 
60-CHANNEL CATV 
LINE EXTENDER 
AMPLIFIERS 


‘CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA5501 


CA (NEG. SUPPLY) 
CASE 714H-01, STYLE 1 
: CA5501R 


MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


| CA5520 
The RF Line | CA5520R 
60-Channel (450 MHz) CATV 
High Output Doubler Amplifiers 


20 dB 


... designed for broadband applications requiring low-distortion amplification. Specifi- Sut NEL CA 
cally intended for CATV market requirements. These amplifiers feature ion-implanted HIGH OUTPUT 
arsenic emitter transistors and an all gold metallization system. DOUBLER AMPLIFIERS 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 20 dB Typ @ f = 50 MHz 
Noise Figure — 6.5 dB Max @ f = 450 MHz 
CTB — —64 dB Max @ Voyt = 46 dBmV 
@ All Gold Metallization for Improved Reliability 
@ Available in Both Positive and Negative Supply Voltages 
® Allows Higher Output Level Operation 


CA (POS. SUPPLY) 
CASE 714F-01, STYLE 1 
CA5520 


MAXIMUM RATINGS 


_ Rating 7 Symbol | Value 
Vcc 
Tc 


[ee [8 
| CA (NEG. SUPPLY) 
=20t0 +100] °C _ CASE 714H-01, STYLE 1 
-40t0 +100] °c eae 


Characteristic 
Frequency Range 
Power Gain — 50 MHz 
Slope 
Gain Flatness 
Return Loss — Input/Output (f = 40-450 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., ch. 2, 60-channel flat) 


Composite Triple Beat 
(Vout = +46 dBmV per ch., ch. H22, 60-channel flat) 


Noise Figure (f = 50 MHz) 
(f = 450 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 


5-111 


MOTOROLA 
TECHNICAL DATA 


ee CA5600 
The RF Line 
60-Channel (450 MHz) CATV 


Line Extender Amplifier | : | Side 
40-450 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- _ 60-CHANNEL CATV 


cally intended for CATV market requirements. This amplifier features ion-implanted LINE EXTENDER 
arsenic emitter transistors and an all gold metallization system. AMPLIFIER 


@ Specified Characteristics at Vcc = 24V,Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 
Noise Figure — 6 dB Max @ f = 450 MHz 
CTB — —58 dB Max @ Vout = 46 dBmV 
@ Ail Gold Metallization for Improved Reliability 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 


DC Supply Voltage 3 | Vcc 
Operating Case Temperature Range . ~20 to +100 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion XMDg69 
(Vout = +46 dBmV per ch., ch. 2, 60-channel flat) 
Composite Triple Beat CTBgo 
(Vout = +46 dBmV per ch., ch. H22, 60-channel flat) 
Noise Figure (f = 50 MHz) NF 
(f = 450 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 


5-112 


_ MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


| CA5700 
The RF Line 


60-Channel (450 MHz) CATV 


Line Extender Amplifier pte os eas | gp ape 
eae 40-450 MHz 
_ designed for Broadband applications requiring low-distortion amplification. Specifi- - -60-CHANNEL CATV 
cally intended for CATV market requirements. This amplifier features ion-implanted : -LINE EXTENDER 


arsenic emitter transistors and an all gold metallization system. 2,* : AMPLIFIER 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 38 dB Typ @ f = 50 MHz 
Noise Figure — 6.5 dB Max @ f = 450 MHz 
CTB — —57 dB Max @ Vout = 46 dBmV 
@ All Gold Metallization for Improved Reliability 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 


SRSA Ses RENN SAIN KE 
LS ae aa RRR 5. 
[vee 
ie 


ae ee 
att 
ELECTRICAL CHARACTERISTICS (Vcc = 24 V, Tc = 25°C, 75 0 system unless otherwise noted) — 
Characteristic ~ | Symbol 
1 ee ae ae 
[Power Gain sowie SSSSSSS~dC 
ee ee 
EE eet aa Keenan eee | BAe) 


Return Loss — inpuvOutout (f = 40-450 MHz) IRL/ORL 


Second Order intermodulation Distortion: ey 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion XMDé60 
(Vout = +46 dBmV per ch., ch. 2, 60- channel flat) = 

‘Composite Triple Beat CT Ba 
(Vout = +46 dBmV per ch., ch. H22, 60-channel flat) 


Noise Figure (f = 50 MHz) 
Ls = 450 MHz) 


DC Current 


MOTOROLA RF DEVICE DATA 


9-113 


MOTOROLA 
as SEMICONDUCTOR mm 
TECHNICAL DATA 


a | CA5800 
The RF Line | _ CA5800H 
Wideband Linear Amplifiers | 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide | 15 dB 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 10-1000 MHz 
with temperature and linear amplification as a result of the push-pull circuit design. 900 mMWATT 
®@ Specified Characteristics at Vcc = 28 V, Tc = 25°C: : - WIDEBAND 


Frequency Range — 10 to 1000 MHz | ~~ LINEAR AMPLIFIERS 
Output Power — 1 W Typ @ 1 dB Compression, f = 500 MHz 
Power Gain — 15 dB Typ @ f = 100 MHz 
PEP — 800 mW Typ @ —32 dB IMD 
Noise Figure — 7.5 dB Typ @ f = 500 MHz 
ITO — 43 dBm @ f = 1000 MHz 

@ All Gold Metallization for Improved Reliability 

@ Available in Bent Lead Option and Hermetic Package 

@ Optimized for 28 V Operation 


CASE 714P-01, STYLE 2 
CA5800 


MAXIMUM RATINGS 


Rating 


. _ Symbol Value | Unit 
DC Supply Voltage 32 
Tc 


_ CASE 826-01, STYLE 6 
CA5800H 


Operating Case Temperature Range —40 to +100 
Storage Temperature Range | —55 to +125 ~~ 


Characteristic 


Frequency Range 
Gain Flatness (f = 10-1000 MHz) 
Power Gain (f = 100 MHz) 


Noise Figure, Broadband f = 500 MHz 
f = 1000 MHz 


Power Output — 1 dB Compression (f = 500 MHz) | 


Third Order Intercept (See Figure 11, fj = 10-1000 MHz) . 


Input/Output VSWR_f = 40-860 MHz 
aa ~ f = 10-1000 MHz . . 


Second Harmonic Distortion (Pp = 100 mW, foy = 1000 MHz). 


as 
VSWR 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) _ 
(f = 500 MHz @ ~—32 dB IMD) 


Supply Current 


intermodulation Distortion, 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = —10 dB, 
Sideband Signal = —17 dB. See Figure 12. 
f = 860 MHz, Psync = 200 mW) 


Note: Bent lead option for CA5800 is available in Case 714R-01 (Style 2). 


MOTOROLA RF DEVICE DATA 


5-114 


CA5800, CA5800H 


TYPICAL CHARACTERISTICS 


Po, POWER GAIN (dB) 
Pq, POWER GAIN (dB) 


. 500 1000 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Frequency Response versus Voltage Figure 2. Frequency Response versus Temperature 


Pot dp, 1 dB COMPRESSION POINT (dBm) 


. f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 3 3. 1dB aca versus Frequency Figure 4. Peak Envelope Power versus Frequency 


Payne = 400 mW 
Neo = 2V — 


| 
> 
o 


| 
fon) 
i) 


ITO, 3RD ORDER INTERCEPT POINT (dBm) 
IMD, INTERMODULATION DISTORTION (dB) 
| 
g 


—70 


{, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 5. Third Order Intercept versus Frequency Figure 6. Intermodulation Distortion versus Frequency 


MOTOROLA RF DEVICE DATA 


5-115 


© A5800, CAS800H 


j |. 
nan. 
oS Ss 


fee 
g. 


dso, SECOND HARMONIC DISTORTION (dB) 


= 500 4000 ae 00 1000 
_ f, FREQUENCY (MHz) ; "4, FREQUENCY (MHz) 
: Figure 7. Second Harmonic Distortion Figure 8. Group Delay versus Frequency 
| versus Frequency - = | 


Voc = 32V 
Vcc = 28V 


NF, NOISE FIGURE (dB) 


500° . 1000 
_{, FREQUENCY (MHz) | 
. Figure 9. Noise Figure versus Frequency 


Biased at 28 Volts 
392mA 
Zo = 50 Ohms 


Frequency (MHz) 


10 . - 44.08 
110 ~ 25.25 
210 ~ 20.84 
310 = 18.72 
410 - 19.06 
510 -22.14 
610 - 23.19 
710 - 19.89 
810 ~ 17.89 
910 - 16.70 

1010 ~ 13.61 


Figure 10. S-Parameters 


EO PY HET EST 
_ MOTOROLA RF DEVICE DATA 


5-116 


CA5800, CA5800H 


= Py + MO | . oa vicea* 
Ino = Po + —— @ IMD > 6008 Lae 
PEP = 4X Po @ IMD = ~32dB f3: sound 
Figure 11. 2-Tone Intermodulation Test . _ Figure 12. 3-Tone TV Intermodulation Test 
PIN CONFIGURATION 


C1, 2, 3,4 = 0.1 mFd (CHIP) 
Ri = 90. OHMS, 2 WATTS 


| Figure 13. External Connections 


MOTOROLA RF DEVICE DATA 


5-117 


MOTOROLA 
aa SEMICONDUCTOR 
TECHNICAL DATA — 


CA5815 


The RF Line CA5S81 SH 


Wideband Linear Amplifiers 


. designed for amplifier applications in 50 to 100 ohm systems requiring wide 15 dB 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 10-1000 MHz 

with temperature and linear amplification as a result of the push-pull circuit design. 1 WATT 

®@ Specified Characteristics at Vcc = 15 V, Tc = 25°C: | WIDEBAND 
Frequency Range — 10 to 1000 MHz LINEAR AMPLIFIERS 


Output Power — 1 W Typ @ 1 dB Compression, f = 500 MHz. 
Power Gain — 15 dB Typ @ f = 100 MHz 
PEP — 1W Typ @ —32 dB IMD 
Noise Figure — 7.5 dB Typ @ f = 500 MHz 
ITO — 44 dBm Typ @ f = 1000 MHz 
@ Ali Gold Metallization for Improved Reliability 
® Available in Bent Lead Option and Hermetic Package | 
@ Optimized for 15 Volt Operation 


CASE 714P-01, STYLE 3 
CA5815 


MAXIMUM RATINGS 


_e Value 


CASE 826-01, STYLE 7 
CA5815H 


Characteristic 
Frequency Range 
Gain Flatness (f = 10-1000 MHz) 
Power Gain (f = 100 MHz) 


Noise Figure, Broadband f = 500 MHz 
f = 1000 MHz 


Power Output — 1 dB Compression (f = 500 MHz) 
Third Order Intercept (See Figure 11, fy = 10-1000 MHz) 


Input/Output VSWR_ sf = 40-860 MHz 
f = 10-1000 MHz 


Second Harmonic Distortion (Pg = 100 mW, fay = 1000 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 500 MHz @- —32 dB Imp) 


Supply Current 


. 
. 
. 
| 


Intermodulation Distortion: 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = — 10 cB, 
Sideband Signal = —17 dB. See Figure 12. 
f = 860 MHz, Psyne = 200 mW). 


Note: Bent lead option for CA5815 is available in Case 714R-01 (Style 3). 


MOTOROLA RF DEVICE DATA 


5-118 


CA5815, CA5815H 


TYPICAL CHARACTERISTICS 


g 8 

z 
= S 
o jem 
fem tu 
wi = 
S ro) 
o ea 
© ie 

500 : 1000 : 500 ‘i 4000 
f, FREQUENCY (MHz) . f, FREQUENCY (MHz) 
Figure 1. Frequency Response versus Voltage Figure 2. Frequency Response versus Temperature 


Pot dBi 1 dB COMPRESSION POINT (dBm) 
Pout (dBm) 


f, FREQUENCY (MHz) . te f, FREQUENCY (MHz) 
Figure 3. 1 dB Compression versus Frequency Figure 4. Peak Envelope Power versus Frequency 


ITO, 3AD ORDER INTERCEPT POINT (dBm) 
IMD, INTERMODULATION DISTORTION (dB) 


500 1000 . 7 
f, FREQUENCY (MHz) ~~ £, FREQUENCY (MHz) 
Figure 5. Third Order Intercept versus Frequency Figure 6. intermodulation Distortion versus Frequency 


MOTOROLA RF DEVICE DATA 


5-119 


CA5815, CA5815H 


S 
Z 
= -40 7 
£ £ 
4 = 
2 —50 a 
Oo 
= 5 
BS -60 
Q 
©. 
DB 
ca : 
| f, FREQUENCY (MHz) . | __.. f, FREQUENCY (MHz) 
Figure 7. Second Harmonic Distortion Figure 8. Group Delay versus Frequency 
versus Frequency — ; . 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (MHz) | 
Figure 9. Noise Figure versus Frequency | 


Biased at 15 Volts 
660mA 
Zo = 50 Ohms 


Frequency (MHz) 


10 - 22.81 8.9 - 12.38 107.8 
110 - 26.15 : _ 734.5 ~ 24.34 85.1 
210. - 24.91 _, 15. -68.7 - 23.64 49.7 
310 ~ 23.61 : - 109.4 ~21.10 * 16.9 
410 -21.40 - 157.2 ~ 18.62 - 22.2 
510 17.81 2 od 152.6 ~ 17.66 -69.0 
610 - 14.96 10.7. -18.67 ~ 116.3 
710 -13.93 - 47.5 = -22.62. ~ 152.1 
810 ~ 15.31 -6.4. ~22.87 | ~ 157.3 
910 - 21.00 -64.9 — ~ 16.65 155.3 
1010 ~ 14.72 - 127.0 -11.59 74.1 


Figure 10. S-Parameters 


MOTOROLA RF DEVICE DATA 


5-120 


CA5815, CA5815H 


ree) . ee ‘fi video 
It = Po +5 @ IMD > 60dB | 8. fa sideband 
PEP = 4X Po @ IMD = —320B | ~fasound 


Figure 11. 2-Tone intermodulation Test a | a Figure 12. 3-Tone TV intermodulation Test . - 


~ PIN CONFIGURATION 


a 
C1.2,.3 = 0.1 mFd (CHIP) | 


Figure 13. External Connections 


MOTOROLA RF DEVICE DATA 


5-121 


MOTOROLA | 
aa SEMICONDUCTOR am 
TECHNICAL DATA 


ee Be CA6101 
The RF Line Bae es CA6201 
77-Channel (550 MHz) CATV | — 
Input/Output Trunk Amplifiers |g 


. 40-550 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- 77-CHANNEL CATV 
cally intended for CATV market requirements. These amplifiers feature ion-implanted INPUT/OUTPUT 
arsenic emitter transistors and an all gold metallization system. The input amplifier is |. TRUNK AMPLIFIERS 
tuned for minimum noise while the output amplifier is tuned for minimum distortion. a 


© Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 550 MHz 
_ Power Gain — 18.2 dB Typ @ f = 50 MHz 
Noise Figure — 7.5 dB Max @ f = 550 MHz (CA6101) 
CTB — —58 dB Max @ Vout = 44 dBmV (CA6201) 
@ All Gold Metallization for Improved Reliability 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 


Return Loss — Input/Output (f = 40-550 MHz) IRL/ORL - 18 


Second Order Intermodulation Distortion . CA6201 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) CA6101 


Cross Modulation Distortion | CA6201 _XMD77 
(Vout = +44 dBmvV per ch., ch. 2, 77-channel flat) CA6101 . 

Composite Triple Beat CA6201 | CTB77 
(Vout = +44 dBmV per ch., ch. H39, 77-channel flat) | CA6101 


Noise Figure (f = 550 MHz) CA6201 NF 
, CA6101 


DC Current CA6201 Ipc 
CA6101 


+ 
© 
wl: 


MOTOROLA RF DEVICE DATA 


5-122 


MOTOROLA 
mi SEMICONDUCTOR s& 
TECHNICAL DATA 


Sey, CA6220 
The RF Line ae 


77-Channel (550 MHz) CATV 
Input/Output Trunk Amplifier | ssa 


. 40-550 MHz 
.. designed for broadband applications requiring low-distortion amplification. Specifi-. | > 77-CHANNEL CATV . 
cally intended for CATV market requirements. This amplifier features ion-implanted | |. JNPUT/OUTPUT 
arsenic emitter transistors and an all gold metallization system. . Ht as TRUNK AMPLIFIER 


® Specified Characteristics at Vcc = 24 V, Tc = 25°C: 
Frequency Range — 40 to 550 MHz 
Power Gain — 19.5 dB Typ @ f = 50 MHz 
Noise Figure — 7.5 dB Max @ f = 550 MHz 
- CTB— —58 dB Max @ Voyt = 44 dBmV 
@ All Gold Metallization for Improved Reliability 
® Superior Gain, Return Loss and DC Current Stability with Temperature 


ad bles RATINGS 


ELECTRICAL CHARACTERISTICS Vee = = 24V, Tes = 25°C, 75 © system unless otherwise noted) 
een reaberamnmre Bias 
[eewa Gain— 50M 
[SE I RIESGO A 
cee! 
| IRUORL | 


ae 


Return Loss — Input/Output (f = 40-550 MHz) IRL/ORL 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) 


Cross Modulation Distortion 
(Vout = +44 dBmV per ch., ch. 2, 77-channel fat) 


Noise Figure f = 50 MHz - 


f = 550 MHz 


Composite Triple Beat mae? | 
~ (Vout = +44 dBmvV per ch., ch. H39, 77-channel flat) 


MOTOROLA RF DEVICE DATA 


5-123 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


Ree CA6501 
The RF Line | See 
77-Channel (550 MHz) CATV 
Input/Output Trunk Amplifier | 185 dB 


40-550 MHz 
... designed for broadband applications requiring low-distortion amplification. Specifi- 77-CHANNEL CATV 
cally intended for CATV market requirements. This amplifier features ion-implanted -  INPUT/OUTPUT 
arsenic emitter transistors and an all gold metallization system. TRUNK AMPLIFIER 


@ Specified Characteristics at Vcc = 24V, Tc = 25°C: 
Frequency Range — 40 to 550 MHz 
Power Gain — 19.5 dB Typ @ f = 50 MHz 
Noise Figure — 7.5 dB Max @ f = 550 MHz 
CTB — —58 dB Max @ Voyt = 44 dBmV 
e@ All Gold Metallization for Improved Reliability 
@ Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 


Gain Flatness 


Return Loss — Input/Output (f = 40-550 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. 2, H5, H14) - 


Cross Modulation Distortion 
(Vout = +44 dBmV per ch., ch. 2, 77-channel flat) 


Noise Figure f = 50 MHz 
= 550 MHz 


DC Current ; 


ay 


MOTOROLA RF DEVICE DATA 


8-124 


ma SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Rete CA6520 © 
The RF Line ma : 
77-Channel (550 MHz) CATV 
High Output Doubler Amplifier = | ae 


40-550 MHz 
“odesianen ior broadband applications requiring low-distortion amplification. Specifi- 77-CHANNEL CATV 
cally intended for CATV market requirements. This amplifier features ion- implanted: ~ HIGH OUTPUT 
arsenic emitter transistors and an all gold metallization system. - DOUBLER AMPLIFIER — 


@ Specified Characteristics at Vcc = 24 V, Tc = 25°C: 
Frequency Range — 40 to 550 MHz 
Power Gain — 20 dB Typ @ f = 50 MHz 
Noise Figure — 7.5 dB Max @ f = 550 MHz 
CTB — —63 dB Max @ Vout = 44 dBmvV 
@ All Gold Metallization for Improved Reliability 
e Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 


tg Tait] 
[AE Votege pit GingleTore) SSCS 
[De SuppiyVomsge SSCS 
cel 
a 


an ae 
a eae 
[wee [| 
[ae 00 Te 


Operating Case Temperature Range 
Storage Temperature Range 


C1  naaCaeanearenesemane ol Set 
a 
a 
Ee EARNER ED 


Second Order intermodulation Distortion 

(Vout = +50 dBmV per ch., ch. 2, H5, H14) 
Cross Modulation Distortion XMD77 — 
(Vout = +44 dBmvV per ch., ch. 2, T7- channel flat) 

Composite Triple Beat CTB77 

(Vout = +44 dBmV per ch., ch. H39, 77-channel flat) 
Noise Figure f = 50 MHz 
f = 550 MHz 


MOTOROLA RF DEVICE DATA 


5-125 


MOTOROLA | 


ms SEMICONDUCTOR 
TECHNICAL DATA 


a ot BG ats CAB914 

Advance Information gos a 

The RF Line | 

UHF CATV Amplifier ee 
470-860 MHz 


... designed for broadband applications requiring low-distortion amplification. Specifi- -- UHE 
cally intended for CATV market requirements. This amplifier features ion-implanted =«_- CATV 
arsenic emitter transistors and an all gold metallization system. __ a ae AMPLIFIER 


e@ Specified Characteristics at Vcc = 24V, Tc = 26°C: 
Frequency Range — 470 to 860 MHz 
Power Gain — 23 dB Typ @ f = 470-860 MHz 
Noise: Figure — 7.5 dB Typ @ f = 860 MHz 
CTB — —52 dB Max @ Voyt = 121 dBuV 
@ All Gold Metallization for,|mproved Reliability 
© Characterized for DIN45004B — 123 dBuV Min @ f = 470-860 MHz 


CAB 
CASE 830A-01, STYLE 1 


MAXIMUM RATINGS 


2 ~ Rating . 
[Operating Cose Tomparawrenenge —=S=~=“‘CS*#!™#O#C#~#~#~«ds;~C‘G:~=«SCi tO HOO 


Storage Temperature Range —40 to +100 


Frequency Range — | Bw 
Gain Flatness (f = 470-860 MHz) | | 


Power Gain 


Noise Figure, Broadband (f = 470 MHz) 
(f = 860 MHz) . 


Input Return Loss (f = 470-860 MHz) 


"Revere oletion = 860M) SSCS 


Composite Triple Beat (@ Voyt = 121 dBuV, See Figure 1) CTB 


~ 6MHz  12MHz 6M. 


+ 


Figure 1. Triple Beat Test Figure 2. DIN45004B Test 


MOTOROLA RF DEVICE DATA 


5-126 


m“” SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


The RF Line | 
Video Driver _— 
Hybrid Amplifiers 


... designed specifically for use as a CRT driver in high resolution color and mono- 
-chrome monitors. ~ | | - a : 

© Typical 10-90% Transition Times are 2.6 ns 

® 130 MHz Minimum Bandwidth | 

@ Low Power Consumption 

© Super-Fast Slew Rate 15,000 V/us 

@ Excellent Gray-Scale Linearity 

@ Unconditional Stability. ; . 

@ All Gold (Monometalic) Metallization System for the Ultimate in Reliability 


_ MAXIMUM RATINGS 


Rating ——SSSSS~* Cok [ae 


~ Case Operating Temperature Range . | Te _ —20 to +80 
| Storage Temperature Range rant —40 to +125 


ELECTRICAL CHARACTERISTICS (Vcc = 60 V, Tc = 25°C, CLoad = 85 pF, 40 V Peak-to-Peak 
output swing with 30 Vdc offset; Ry = 215 ohms, Cy = 90 pF) 


[—Chaacteiate «Symbol Min | Typ | Man | 

[Sumpvowren——SSS~*~S~sCie = as | ws | as | 

input DC Level tnpavOutpt are Open Grevted) | Vinoe | 115 | 14 | 1.06 | 

F Ourpur D6 Level thpwwOuput ae Open Circuits) | Vouoe | 2 

[Power Consumption (0 Mie Square Wave) [Po 

[FiseTime nia da 

[Fat Tine 0-109) —SSSSSS~s 
ie Square Ware) |e 


Oo 
8 
fo) 
ie) 
2 


Low Frequency Tilt (1 kHz Square Wave) Veilt 
Bandwidth (—3 dB Point) 


= 
Ww 
(>) 
— 
Aw . 
° or 


Overshoot (can be adjusted by varying C1) 
Linearity (Voyt from +5 V to +55 V) 
Insertion Gain (50 Q Source Impedance) 


Input Video Interface ‘ 


wo 
=—_ 
on 
< 


DC Coupled Source 
Impedance = 50 0 
2 Vp-p Video DC Offset 

at 1.4 V to 50 © Load 


—h 
—s 
co 
N 
e 
< 
~~, 
< 


MOTOROLA RF DEVICE DATA 


5-127 


| Supply Voltage s—(“‘wLS ee: «OCP Ne | 
To! to ee 
40 es 


CR2424 
CR2424H 
CR2425 


2.6 ns 
130 MHz 
VIDEO DRIVER 
- HYBRID. | 
AMPLIFIERS 


CASE 714G-01, STYLE 1 | 
CR2424 ~ 


CASE 826-01, STYLE 1 
CR2424H 


CASE 714F-01, STYLE 1 
CR2425 


CR2424, CR2424H, CR2425 


TYPICAL CHARACTERISTICS 


Vin D.C., INPUT DC LEVEL (VOLTS) 
Vin D.C., INPUT DC LEVEL (VOLTS) 


Vout D.C., OUTPUT DC LEVEL (VOLTS) Vout D.C., OUTPUT DC LEVEL (VOLTS) 
Figure 1. Voltage Ratio at RF input Port — . Figure 2. Voltage Ratio at Port 1_ 


eed 


lin D.C., INPUT CURRENT (mA) 


RELATIVE AMPLITUDE (dB) 


. 4 : 80 100 120 140 160 180 200 
Vout D.C., OUTPUT DC LEVEL (VOLTS) : f, FREQUENCY (MHz) 


Figure 3. Output Voltage versus Input Current , Figure 4. Frequency Response 


oO +60 Vde 


| Co , 
| Co. = 0.01 uF CHIP CAP 


60 9) 
RF INPUT Ry 


Ry TYPICAL = 2150 
Cy = 10-150 pF 
Cy TYPICAL = 85 pF = 


Figure 5. CRT Amplifier Test Circuit 


MOTOROLA RF DEVICE DATA 


5-128 


MOTOROLA 


m= SEMICONDUCTOR EE RENN NRRANTINEO 
TECHNICAL DATA - 


The RF Line 
Linear Power Amplifier 


. designed for wideband linear applications in the 1-200 MHz feaubney range. This | “4 WATTS 


solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- =§| - . - 479. 200 MHz 
mance, gold metallized transistors to provide a complete broadband, linear amplifier | oe "LINEAR 


operating from a supply voltage of 28 volts. | Sg hale fon, 2 Gees 

@ Specified Vcc = 28 Volt and Tc = 25°C Characteristics: oy: a - AMPLIFIER 
Frequency. Range — 1 to 200 MHz ; = oe 
Output Power — 4 W Typ @ 1 dB Gain Compression, 2 = 100 MHz 
Power Gain — 35 dB Typ @ f = 100 MHz 
ITO — 53 dBm Typ @ f = 100 MHz 
Noise Figure — 6 dB Typ @ f = 200 MHz 

@ 500 Ohm Input/Output Impedance 

@ Heavy Duty Machined Housing 

@ Gold Metallized Transistors for Improved Reliability 

®@ Moisture Resistant, EMI Shielded Package 


DHP 
CASE aia STYLE 1 


—40 to +85 
—55. to 08. 


MAXIMUM RATINGS 


_ 


DC Supply Voltage 


| ELECTRICAL CHARACTERISTICS Te = = 25°C, Vcc = 28 V, 50 0 system unless otherwise noted) 
ante |S 
Feauenay Range 
[Sane Peoron @= Papp 

mS 


Power Gain (f = 100 MHz) 


Noise Figure, Broadband f = 100 MHz 


| f = 200 MHz 
-Power Output — 1 dB Compression f = 100 MHz 


Po1 dB 0 
f = 200 MHz 7 35 
Third Order Intercept f = 100 MHz ; | 
(See Figure 1) f = 200 MHz 
Input/Output VSWR (f = “1-200 MHz) VSWR 
Supply Current [> lees — | 


bo?) 
o1 oi 


Figure 1. 2-Tone 
intermodulation Test 


ae 


@ IMD > 60dB PEP = 4X Po @ IMD = —32dB 


Ito = Po + 


MOTOROLA RF DEVICE DATA 


5-129 


MOTOROLA : ket oe 
ae SEMICONDUCTOR Se 
TECHNICAL DATA | a | 


DHP05-18-20 


The RF Line — 
Linear Power Amplifier 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. This | 18 dB 


solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- _ . 30-500 MHz 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 2WATTS 
operating from a supply voltage of 24 volts. LINEAR POWER 


® Specified Characteristics at Vcc = 24V, Tc = 25°C: | AMPLIFIER | 
- Frequency Range — 30 to 500 MHz | : 

Output Power — 2 W Typ @ 1 dB Gain Compression, f = 500 MHz 
Power Gain — 18 dB Typ @ f = 50 MHz | 
ITO — 51 dBm Typ @ f = 300 MHz 
Noise Figure — 5 dB Typ @ f = 300 MHz 

@ Designed for use in 50 Ohm Systems 

@ Moisture Resistant, EM!i Shielded Package 


DHP 
CASE 389-01, STYLE 1 


MAXIMUM RATINGS 


Third Order Intercept Point (f = 300 MHz) 
of = 500 MHz) 


Noise Figure (f = 300 MHz) 
(f = 500 MHz) 


MOTOROLA RF DEVICE DATA 


5-130 


MOTOROLA | 
m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


-|DHP05-36-10 
Linear Power Amplifier <aaeee 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. This. PF WATT 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- ~ . 30-500 MHz 
mance, gold metallized transistors to provide a complete broadband, linear amplifier LINEAR 
operating from a.supply voltage of 24 volts. © . eat | . POWER 

@ Specified Vcc = 24 Volt and Tc = 25°C Characteristics: re AMPLIFIER 


Frequency Range — 30 to 500 MHz . 
Output Power — 1 W Typ @ 1 dB Gain Compression, f = 300 MHz 
Power Gain — 38.5 dB Typ @ f = 50 MHz 
ITO — 42 dBm Typ @ f = 500 MHz 
Noise Figure — 6 dB Typ @ f = 500 MHz 

@ 50 Ohm Input/Output Impedance 

® Heavy Duty Machined Housing 

@ Gold Metallized Transistors for Improved Reliability 

® Moisture Resistant, EMI Shielded Package | 


DHP 
CASE 389-01, STYLE 1 


MAXIMUM RATINGS | 


a 
Fg 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V, 50 2 system unless otherwise noted) = 


Supply Current (Vcc = 24 V) 
Power Gain (f = 50 MHz) 


—| 
< 
TC 


oe) 

o 
a 
> 


ice) 


36 


ol 
w 
foe) 


eendwiah SSS 


- Output Power @ 1 dB Gain Compression (f = 300 MHz) 
: . (f = 500 MHz) 


Third Order Intercept Point (f = 300 MHz) | 
; (f = 500 MHz) 


Noise Figure (f = 300 MHz) 
(f = 500 MHz) 


Ww 
i=) 


Icc 

Gp 

BW 
S 


12:1 | 15:1 


aa 
30 . 


49 


: <r 
N 


31 
(28 
46. 


Po1 dB | dBm 
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fe) 
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MOTOROLA RF DEVICE DATA 


5-131 


MOTOROLA 
a= SEMICONDUCTOR @@ 
TECHNICAL DATA 


Se ee DHP10-14-15 
The RF Line | p aes 
Linear Power Amplifier 


... designed for wideband linear applications in the 10 to 1000 MHz frequency range. — 1.6 WATT 
This solid state, Class A amplifier incorporates microstrip circuit technology and high 10-1000 MHz 
performance, gold metallized transistors to provide a complete broadband, linear ampli- LINEAR 
fier operating from a supply voltage of 28 volts. _ - POWER 


© Specified Characteristics Vcc = 28 Volt and Tc = 25°C Characteristics: 7 _ AMPLIFIER 
Frequency Range — 10 to 1000 MHz : — 
Output Power — 1.6 W Typ @ 1 dB Gain Compression, f = 500 MHz 
Power Gain — 15 dB Typ @ f = 100 MHz 
ITO — 44 dBm Typ @ f = 1000 MHz 
Noise Figure — 8 dB Typ @ f = 500 MHz 

@ 50 Ohm Input/Output Impedance 

@ Heavy Duty Machined Housing 

@ Gold Metallized Transistors for Improved Reliability 

@ Moisture Resistant, EMI Shielded Package 


DHP 
CASE 389-01, STYLE 1 


MAXIMUM RATINGS 


Input/Output VSWR_(f = 40-900 MHz) 
(f = 10-1000 MHz) 


Output Power @ 1 dB Gain Compression (f = 500 MHz) 
(f = 1000 MHz) 


Third Order Intercept Point (f = 500 MHz) 
(f = 1000 MHz) 


Noise Figure (f = 500 MHz) 
(f = 1000 MHz) 


MOTOROLA RF DEVICE DATA 


5-132 


= SEMICONDUCTOR x 


MOTOROLA a Leo 
TECHNICAL DATA oO | 1 es 


OF cat tbees DHP10-32-08 
The RF Line ee ee 


Linear Power Amplifier 


... developed for medium power requirements in instrumentation, communications 39 dB 
equipment and military applications; also cellular radio 900 MHz base stations. These 10-1000 MHz 
packaged assemblies are in moisture resistant, EMI shielded cases and are matched for | | 630 mW. t= 
use in 50 ohm systems. | | LINEAR POWER 


@ Specified Characteristics at Vcc = 28 V, Tc = 25°C: | ee 2 ~ AMPLIFIER 
Frequency Range — 10 to 1000 MHz | 
Output Power — 630 mW Typ @ 1 dB Gain Compression, f = 1000 MHz - 
Power Gain — 32 dB Typ @ f = 100 MHz | | . 
ITO — 42 dBm Typ @ f = 1000 MHz 
Noise Figure — 7.5 dB Typ @ f = 1000 MHz 

e@ Designed for use in 50 Ohm Systems 


® Moisture Resistant, EMI Shielded Package 


DHP 
CASE 389-01, STYLE 1 


MAXIMUM RATINGS 


Rng «Ya 
an 


RF Power Input 
Operating Case Temperature Range . 
Storage Temperature Range | | . | 


Input/Output VSWR_(f = 40-900 MHz) 
(f = 10-1000 MHz) 


Output Power @ 1 dB Gain Compression (f = 500 MHz) 
. (f = 1000 MHz) 


Third Order Intercept Point (f = 500 MHz) 
(f= 1000 MHz) 


Noise Figure (f = 500 MHz) ~ 
(f = 1000 MHz) 


| _2 MOTOROLA RF DEVICE DATA | | 


5-133. 


“MOTOROLA 
m2 SEMICONDUCTOR Ey 
TECHNICAL DATA 


ah RF Line | 
550 MHz CATV 


Feedforward Amplifier — : ae pane 
a . |. 40-550 MHz 
sdesignéa for broadband applications requiring low-distortion aiviplification. Specifi- --77-CHANNEL 
cally intended for CATV market requirements. Two hybrid amplifiers along with couplers ~ CATV 
and delay lines are packaged together to provide extremely low distortion products at '-| .. FEEDFORWARD 


conventional CATV amplifier output levels. | "4 | AMPLIFIER 


© Specifically Designed to Provide Improved Performance in 550 MHz CATV papier . 

@ Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 

® Specified for 77-Channel Performance 

@ Fully Shielded Metal Package : 


MAXIMUM RATINGS 


RF Voltage Input (Single Tone) 


DC Supply Voltage ae . 


Operating Case Temperature Range 


Storage Temperature Range 


Frequency Range 
Power Gain — 50 MHz © 23. 
eee arava aan Se A ea 
[esinamess SSCS 


Return Loss — Input (f = 40-450 MHz) 
(f = = 450-550 MHz) | 


Return Loss — Output (f = 40-550 MHz) _ 


Second Order Intermodulation Distortion — 
(Vout = +50 dBmV per ch., ch. A, H2, H22) 


Cross Modulation Distortion 
(Vout = 44 dBmvV per ch., ch. 2, 77-channels) 
(Vout = 44 dBmV per ch., ch. 2, ---, ee 


Composite Triple Beat 
(Vout = 44 dBmV per ch., ch. 2, 77-channels) 
(Vout = 44 dBmV per ch., ch. 2, ---, H39) 


Noise Figure (f = 50 MHz) . NF 
(f = 550 MHz) 


DC Current 


Ho 
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FF224 


PERFORMANCE DERATE versus TEMPERATURE (TYP) 


Symbol Test Conditions ~20 +80°C ~20 +100°C 


Composite Triple Beat: Ch. 2 —84 dB ; 83 dB 
77 Ch. +44 dBmV Ch. H39 —72 dB —70 dB 


First Loop Cancellation Second Loop Cancellation _ 


” ERROR 
® Loop Cancellation is zeroed with main ® Loop Cancellation is zeroed with error 
‘amplifier off. amplifier off. 


@ Typical Cancellation is 26 dB across the band. © Typical Cancellation is 26 dB across the band. 


Figure 1. Loop Cancellation Measurement* 


* Microstrip connections iin feedforward package to test fixture are necessary for accurate | 
loop cancellation measurement. — 
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MOTOROLA 
P| Ss E NM El CoO Ni D U CTO R ee 
TECHNICAL DATA MHW590 


. The RF Line | 


LOW DISTORTION WIDEBAND AMPLIFIER 


10 —400 MHz 


HIGH GAIN AMPLIFIER 


... low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


® Supply Voltage = 24 V Nominal 


® Broadband Power Gain = 
Gp = 34 dB (Typ) @f= 10-400 MHz 


Broadband Noise Figure — 
NF = 3.5 dB (Typ) @ f = 300 MHz 


Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in VHF/UHF Communications Equipment and 
RF Instrumentation Applications 


GzP 


[4] 0025 (0010) ® [tT] F © 


MAXIMUM RATINGS 


Supp Vorawe ss SSS*dYSCSCS Ye 
A 
ia 


ELECTRICAL CHARACTERISTICS (Voc = 24 Vdc, Zp = 50 2, Tc = 25°C. All 
characteristics guaranteed over bandwidth listed under ‘Frequency Range’, unless specified 
otherwise.) 


Gain Flatness 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


1 dB Compression 


6-32UNC-2B 2 PL 


[4[ 4025 oo @ [z[T] a @] 


+[ 0025 0.010 ® [t] 4 @| 


STYLE 1: 
PIN 1. RF INPUT 
. GROUND 
NOTES: _ GROUND 
1, DIMENSIONING AND TOLERANCING PER ANSI . DELETED 
Y14.5M, 1982. . VOC 


2. CONTROLLING DIMENSION: INCH. . DELETED 
. GROUND 


. GROUND 
. RF OUTPUT 


Typ 


i+ 
—_h 
oO 


MILLIMETERS 


(f = 10 MHz) 800 
(f = 200 MHz) 700 800 
(f = 400 MHz) 300 


Reverse Isolation 


2nd Harmonic 
(Pout = 10 mW) 


Third Order Intercept 


Peak Envelope Power for -32 dB 
Distortion 
Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


DC Voltage Voc 


2. 
8.00 | 850 | 0.315 | 0.355 
25.40 BSC 1.00 BSC. 
4.19 BSC 0.165 BSC 
2.54 BSC 0.100 BSC 
3.76 | 427 | 0.148 | 0.168 
| — | i611 | =| 


3 
= 


CASE 714-04 


a 
| alae] ep] 


oO 

re) 
3 
> 


s 


MOTOROLA RF DEVICE DATA 


5-136 


MHW590 


oi 
[o=) 


w 
oOo 


NO 
Qo 


Gp, POWER GAIN (dB) 
Gp, POWER GAIN (dB). 


Pout, OUTPUT POWER (WATTS) 


te 4 
i=) 


FIGURE 1 — POWER GAIN AND RETURN 
' LOSS versus FREQUENCY 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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Pout, OUTPUT POWER (WATTS) 


_ FIGURE 2 — POWER GAIN versus FREQUENCY 
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_ FIGURE 6 — OUTPUT POWER versus INPUT POWER 


Pin, INPUT POWER (mW) 


MHW590 


INTERMODULATION DISTORTION 
ORDER versus OUTPUT POWER 
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INTERMODULATION DISTORTION — 
ORDER versus OUTPUT POWER 
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FIGURE 9 — INTERMODULATION DISTORTION — THIRD 


FIGURE 10 — INTERMODULATION DISTORTION — FIFTH 
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DC CURRENT Dna versus SUPPLY VOLTAGE 
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MOTOROLA 


a SEMICONDUCTOR 
_ TECHNICAL DATA 


1.0250 MHz. 


LOW DISTORTION WIDEBAND AMPLIFIER HIGH GAIN AMPLIFIER 


. low-noise, » high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain. and current stability with temperature. 


@ Supply Voltage = 13.6 V Nominal — 


® Broadband Power Gain — 
Gp = 36.5 dB eee 250 MHz 


® Broadband Noise Figure - — 
NF = 3.7 dB (Typ) @ f = 30 MHz 


@ Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in HF/SSB, VHF Communications Equipment 
and RF Instrumentation Applications 


MAXIMUM RATINGS 


Operating Case Temperature Range 


Qzpi 


6025 (0010 @ [1] FO] a@ 


G-32UNC-2B 2 PL . 


4[6025 0010 © [z[t] A @ 


0.25 (0.010) ® [T] A@ 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zp = 50 &, Tc = 25°C. All | he. 
characteristics guaranteed over bandwidth listed under ‘’Frequency Range’, unless specified | . : > PIN 1. RE INPUT 
otherwise. 2 2. GROUND 


NOTES: ~ 3, GROUND 
Characteristic Symbol 1. DIMENSIONING AND TOLERANCING PER ANS! 4. DELETED 
Y14.5M, 1982. 5. VOC 
Frequency Range | BW 
oer ean Lp 


7. GROUND 


. GROUND 


2. CONTROLLING DIMENSION: INCH. a 6. DELETED 
, 8 
8. RF OUTPUT 
Gain Flatness . 


MILLIMETERS INCHES 
MAX | MIN . 
45.08 = 
26.92 | 1.040 
0.810 


Voltage Standing Wave Ratio, In/Out 
(f = 10-30 MHz) 
(f = 30-250 MHz) 
1 dB Compression 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 
Peak Envelope Power 
(IMD3 = -30 dB, f ='30 MHz) 
(IMD3 = -30 dB, f =,100 MHz) 
_ (IMD3 = -30 dB, f = 250 MHz) 
Noise Figure 


3. 10 BSC 
5.08 BSC 0.200 BSC 


preren pers 


(f = 30 MHz) 0.280 BSC 
(f = 100 MHz) 0.435 | 0.450 


(f = 250 MHz) 


CASE 714-04 
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MHW591 


Gp, POWER GAIN (dB) 


Gp, POWER GAIN (dB) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 1 — POWER GAIN versus FREQUENCY 


0.1 0.5 1.0 5.0 10 50 1 


FIGURE 3 — 


f, FREQUENCY (MHz) 


Voc, SUPPLY VOLTAGE (VOLTS) 


00 500 1000 


POWER GAIN versus SUPPLY VOLTAGE 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


J 02 0.3 0405 2.0 3. 
Pin, te aaa 


0 4.0 5.0 10 


Gp, POWER GAIN (dB) 


BERRERI\G 


NF, NOISE FIGURE (dB) 


Pout- OUTPUT POWER (WATTS) 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 8 — eee aey 
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FIGURE 9 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA 
ma SEMICONDUCTOR | 
TECHNICAL DATA 


The RF Line 
LOW DISTORTION WIDEBAND AMPLIFIER 


_. low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications. 
requiring superior gain and current stability with temperature. 


@ Supply Voltage = 24 V Nominal 


@ Broadband Power Gain — 
Gp = 35 dB (Typ) @ f = 1-250 MHz 


® Broadband Noise Figure — 
NF = 3.6 dB (Typ) @ f = 30 MHz 


® Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in HF/SSB, VHF Communications Equipment 
and RF Instrumentation Applications 


MAXIMUM RATINGS 


a a 


Operating Case Temperature Range 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vpc¢ = 24 Vdc, Zp = 50 2, Tc = 25°C. All 


characteristics guaranteed over bandwidth listed under “Frequency Range’, unless specified 


otherwise.) 
Symbol 


Frecueney Range iY 
Power Gein SSSCSC~dC‘ SS 
CCS nn 


-20 to +90 


-40 to +100 


Vde 


Typ Unit 


= 
x= 
N 


35 36.5 


N 
ol 
oO 


‘ 
ro) 
3 


Q. 
ies] 


Voltage Standing Wave Ratio, In/Out 
(f = 1.0~30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) ~ 900 
(f = 100 MHz) 900 
(f = 250 MHz) 750 
Peak Envelope Power m 
(IMD3 = -30 dB, f = 30 MHz) 700 850 
(IMD3 = -30 dB, f = 100 MHz) 850 
(IMD3 = -30 dB, f = 250 MHz) 600 


Noise Figure 
(f = 30 MHz) 

(f = 100 MHz) 
(f = 250 MHz) 


i) 

?) 
w 
Es 
(=) 


ON 


3 
EE 


Co: 
re) 


a 
effec _ 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MHW592 


1.0 —250 MHz 


HIGH GAIN AMPLIFIER 


QO zpPL 


[4] 6025 0.010 @ [tT] FO] A ® 


pon 632UNC-2B 2PL 
4] 4025 10.010) © [z[ tT] A @ 


60.25 (0.010) ® 


STYLE 1: 
PIN 7. RF INPUT 

. GROUND 
3. GROUND 
4. DELETED 
5. VDC 

6. DELETED 

7. GROUND 

8. GROUND 

9. RF OUTPUT 


MILLIMETERS INCHES 


0.100 BSC 
0.156 BSC 


F3 40 isc 
4.19 BSC 
376 | 427 

15.11 
38.10 BSC 


71500 BSC 
5.08 BSC 0.200 BSC 
7.11 BSC 0.280 BSC 

0.435 | 0.450 
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FIGURE 2 — POWER GAIN | versus FREQUENCY 


FIGURE 1 — POWER GAIN versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus INPUT eee 
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_ FIGURE 7 — INTERMODULATION 
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FIGURE 8 — INTERMODULATION 
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MOTOROLA | 


= SEMICONDUCPOR yyy 
TECHNICAL DATA 7 ‘| MHW593 


: The RF Line | al 


| a | 10—400 MHz 
LOW DISTORTION WIDEBAND AMPLIFIER | ‘a 


HIGH GAIN AMPLIFIER 


_. . low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications - 
requiring superior gain and current stability with temperature. 


@ Supply Voltage = 13.6 V Nominal 


@ Broadband Power Gain— — _ 
Gp = 34.5 dB (Typ) @ f = 10-400 MHz 


@ Broadband Noise Figure — 
_NF = 4.0qB (Typ) @ f = 300 MHz 


@ Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in VHF/UHF Communications Equipment and 
RF Instrumentation Applications 


2PL 


a 
[+[¢.025 0010 ® [tT] F@] A @| 


6-32UNC-2B 2 PL 


4} 60.25 (0.010) @ |Z] TL A @ 


Operating Case Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zg = 50 2, Tc = 25°C. All 
characteristics guaranteed over bandwidth listed under "Frequency Range’’, unless specified 


otherwise.) - _— STYLE 1: 


; PIN 1. RF INPUT 

Characteristic “ * | Symbol , 2. GROUND 

NOTES: 3. GROUND 

Frequency Range 1. DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 


Y14.5M, 1982. 5. VOC 
2, CONTROLLING DIMENSION: INCH. 6, DELETED 
7. GROUND 
> of 8, GROUND 
Voltage Standing Wave Ratio, In/Out : a . 9, RE OUTPUT 


(f = 10-300 MHz) 

(f = 300-400 MHz) » 
1dB Compression — 

(f = 10 MHz) | 0.840 

(f = 200 MHz). 0.022 

(f = 400 MHz) 0.510 


oe 0.325 
Reverse isolation 


(|r 
is, 
~|a 
O |o0 | 
J Ro] 


2nd Harmonic 
(Pout = 10 mW) 


—P lols ir 


38.10 BSC__| 

Noise Figure © 5.08 BSC 
(f = 60 MHz) 

(f = 300 MHz) 


CASE 714-04 
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Pout, OUTPUT POWER (WATTS) 


“40 


Gp, POWER GAIN (dB) 


Gp, POWER GAIN (dB) 


FIGURE 1 — POWER GAIN AND RETURN 
LOSS versus FREQUENCY 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 8 — INTERMODULATION DISTORTION — FIFTH. 
ORDER versus OUTPUT POWER 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 
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FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA 
m= SEMICONDUCTOR a 
TECHNICAL DATA. 


77 [ | | o MHW607 
The RE Line : | =  §eries © 


VHF Power Anisiitiors 


: designed for 7.5 volt VHF power amplifier applications in industrial and com- . 
mercial equipment primarily hand portable radios. | 7.0 W — 136 to 174 MHz 
@ MHW607-1: 136-154 MHz , | VHF POWER 
@ MHW607-2: 146-174 MHz : , Ge So AMPLIFIERS 
© Specified 7.5 Volt Characteristics: . 

— RF Input Power = 1.0 mW (0 dBm) 
— RF Output Power = 7.0. Watts 
— Minimum Gain (Vcontro| = 7-0 V) = 38.5 dB 
— Harmonics = —40 dBc Max @ 2.0 fg 
® 50 © Input/Output Impedance 
® Guaranteed Stability and Ruggedness 
@ Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS irene Temperature = = 25°C) 


=, 
DC Supply Voltage (Pins 2, 4, 5) Vs1,2,3 Po see. al 


RF Output Power (Vs = Vs2 = Vs3 = 9.0 V) 


Operating Case Temperature Range 
Storage emaberatuce Range 


MHW607-2 —— 146 174 
Control Voltage (Poyt = 7-0 W, Pin = 1.0 mw)(1) . 
Quiescent Current (Vs1 = Vs2 = Vs3 = 7.5 Vde, Vcont = 7.0 Vdc) . i Hag 
Efficiency (Poyt = 7.0 W, Pin = 1.0 mw)(1) : 


Harmonics (Poyt = 7.0W){1) 2f 
(Pin = 1.0mMW) 3 fo 


Input VSWR (Pout = 7.0 W, Pin = 1.0 mW), 50 © Ref. (1) pF | 


Load Mismatch (Vs1 = Vs? = Vs3 = 9.0 Vdc) : 
VSWR = 20:1, Pout = 10 W, Pin = 5.0 mw){7) 


Stability (Pin = 1.0-3.0 mw, Vs1 = = Vs2 = = Vs3 = 6.0-9.0 Vde 
Pout between 1.0 W and 10 W(1) 
Load VSWR = 8:1 


(1) Adjust Vcont for specified Poyt. 


No Degradation 
in Power Output : 


_ All spurious outputs 
more than 60 dB 
below desired signal 


MOTOROLA RF DEVICE DATA 


5-148 


MHW607 Series 


VCONTROL V1 Vso Vs 


3 
ap : + 7.0 Vde +7.5.Vde -. +7.5Vde. ) 
(a 250 mA (a 145 mA @ 175A | . 
—y (TYPICAL) (TYPICAL) (TYPICAL) 3 a 


ATTENUATOR eg 50 
C1 — 0.018 nF Chip. . OHM 


C2, C3, C4, C5 — 0.1 uF : 
C6, C7, C8 — 1.0 uF Tantalum LOAD = 
L1,L2,L3,L4—0.2 wH . ane . 
SIGNAL Z1,Z22— 50) Microstrip _. . 
GENERATOR 


Figure 1. Power Module Test 
System Block Diagram | 


‘TYPICAL CHARACTERISTICS 


_ es 
8 ee oe ee _ 
a a z 
ip ian ae es SS _& 
z ee a = 8 
2 i con aes Se 
rs ioe ae i a ai) 
: a ie ee u 8 
8 Phe ee od : 

ees ae a VSWR 5 

are oe as eee es | 

60 
f, FREQUENCY (MHz! Veontr CONTROL VOLTAGE (Vdc) 
ere 2. ease oo and VSWR Figure 3. Output Power versus Control Voltage 
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MHW607 Series 


TYPICAL CHARACTERISTICS 


Pout OUTPUT POWER (W) 


f, FREQUENCY (MHz) _ 


Figure 4. Output Power versus Frequency 


V1 = V39 = V53 = 7,5 Vde 


VCont SET FOR Pout = 7W @ Tc = 20°C 


Pout. OUTPUT POWER (W) 


Tc, CASE TEMPERATURE (°C) 


Figure 6. Output Power versus Case Temperature 


VCont 


= 5.5 Vde 


Vcont CONTROL VOLTAGE |Vde] 


180. 


Pout, OUTPUT POWER (W) 


60 


80 
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— —40 


40 60 
Tc, CASE TEMPERATURE (°C) 


80 100 


Figure 5. Control Voltage versus Case Temperature 


— 20 0 20 
Tc, CASE TEMPERATURE (°C) 


Figure 7. Output Power versus Case Temperature 
_ at Maximum Control Voltage 


MHW607 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vs51 = Vs? = Vs3 = 7.5 Vdc (Pins 2, 4, 5) 


and Pout equal to 2.0 watts. With these conditions, max- . 
imum current density on any device is 1.5 x 10° A/em2 


and maximum die temperature with 100°C case operating 
temperature is 165°C. While the modules are designed to 
have excess gain margin with ruggedness, operation of 
_ these units outside the limits of published specifications 
is not recommended unless prior communications 
regarding intended use pave been made with the factory 
representative. 


GAIN CONTROL 


The module output should be limited to 7.0 watts. | 


The preferred method of power output control is to fix 
Vs1 = Vs2 = Vs3 = 
at 1.0 mW, and vary Veont (Pin 3) voltage: 
DECOUPLING 


~ Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require 


careful consideration. Pins 2, 3, 4 and 5 are internally - 


bypassed with a 0.018 uF chip capacitor which is effective 
_ for frequencies from 5.0 MHz through 174 MHz. For 
bypassing frequencies below 5.0 MHz, networks equiv- 
alent to. that shown in Figure 1 are recommended. Inad- 
equate decoupling will-result in spurious outputs at cer- 
tain operating frequencies and certain phase angles of 
input and output VSWR. 


7.5 Vdc (Pins 2, 4, 5), Pj, (Pin 1) 


Figure 8. Test Fixture Assembly — 


LOAD MISMATCH 


During final test, each module is load mismatch tested 
ina fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vg1 = Vs2_- 
= Vs3 equal to 9.0 Vdc, VSWR equal to 20:1, and output 


| power Sane to 8. 0 watts. | 


Note: The Printed Circuit Board shown is 75% of the original. 


Figure 9. Photomaster For Test Fixture 
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i MOTOROLA ee 
= SEMICONDUCTOR 
TECHNICAL DATA 


eee i . MHW707 
The RF Line | —_ a | | Series | 
UHF Power Amplifiers | | 


_designed for 7.5 Volt UHF power enplitiet applications i in iduistial and com- = 0 . —- eye 
mercial equipment primarily hand portable radios. ; | 7.0 W.— 403 to 470 MHz 


-@ MHW707-1 403-440 MHz sae 4 tte, Sf ‘|. UHF POWER 


-@ MHW707-2 440-470 MHz st | SP ane AMPLIFIERS 
- @ Specified 7.5 Volt Characteristics * 
RF Input Power = 1.0 mW (0: dBm) 
RF Output Power = 7.0 Watts. 
Minimum Gain (VControt = =. 7.0 V) = 38.5 dB- 
Harmonics = —40:dBc. Max @:2 fo 
e500 Input/Output Impedance 
© Guaranteed Stability and Ruggedness | 
@ Epoxy Glass Be Construction Gives Consistent peroumanee and Reliability 


CASE 301J-02, STYLE 1 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating 


DC Supply Voltage (Pins 2,4,5,6) ee 2 , 
| DC Control Voltage (Pin 3) a <r — 
RF Input Power . — fe — 


RF Output Power (Vsg1 = Vs2:= M53 = = Vsq = 9.0 Vdc) - 


Operating Case Temperature Range 


Storage Temperature Range « 5 | 
Characteristic 


Frequency Range MHW707-1 
MHW707-2 
Control Voltage (Poyt = 7.0 W, Pin = 1.0 mw) VCont 


Quiescent Current 
(Vs1 = Vs2 = Vs53 = Vsq = 7.5 Vdc, Pin = 


Power Gain (Poyt = 7.0 W, Vcont = 7:0 Vdc) 
Efficiency (Poyt = 7.0 W, Pin = 1.0 mw)(1) 


Harmonics (Poyt = 7.0 a 2 2.fo. 
(Pin = = 1.0 mW).: : 


Input VSWR (Pout = 7.0 W, Pin - 1.0 mW 50.2 aren 
Control Current (Vgj = Vs2 = Vs3. = = = sq. =7. 5 Vde, Pi, = 1.0 wit 


Load Mismatch (V51 = Vs? ='Vs3 = Vsq = 9.0 Vdc) 
VSWR = 10:1, Pout = 9.0 W, Pin = 3.0 mwil) 


Stability (Pin = 1,0- 3.0 mw, Vs1 = => Ns2 = = Vs3 ° = Vs4 = = 6.0- a0 van 
Pout between 1.0 mW and 9.0 wii) 
Load VSWR = 8:1, All Phase Angles 


0 mW, Vcont = 0 Vdc) 


No Degradation 
in Power Output 


All spurious outputs 
more than 60 dB 
below desired signal 


(1) Adjust Vcont for specified Pout. 
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MHW707 Series 


TEST FIXTURE 


VCONTROL Vsi + Vs2 V3 + Vea 
+7 Vde +75 Vde +7,5 Vde 


10 dB | 80 


ATTENUATOR } Z1, 22 — 50 0, MICROSTRIP | OHM 
| C1-C7 — 0.018 uF LOAD 
C8, C9 — 3.3 uF | 
SIGNAL LI-L5 — 0.2 uH 


GENERATOR | 7 , 


Figure 1. Power Module Test System 
~ Block Diagram 


- TYPICAL CHARACTERISTICS 
(MHW707-1) 


on 
oO 


> 
oO 


a 
7, EFFICIENCY (%) - 


Vcont) CONTROL VOLTAGE (Vdc) 
Pout, OUTPUT POWER (W) 


anna uon 


Nat les EM 
A] IS ie 


a9 
INPUT VSWR 


40 +410 420 430 | 440 450 
| f, FREQUENCY (MHz) | Vcontr CONTROL VOLTAGE (Vdc) 


Figure 2. Control Voltage, Efficiency and VSWR 


Figure 3. Output Power versus Control Voltage 
versus Frequency 


| MOTOROLA RF DEVICE DATA 
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MIHW707 Series 


TYPICAL CHARACTERISTICS 
_ (MHW707-1) 


Pout, OUTPUT POWER (W) 
~ Veont: CONTROL VOLTAGE (Vdc) 


80 —60- —40 20 0 20° = 40 60 80 100 
f, FREQUENCY (MHz) . Tc, CASE TEMPERATURE (°C) 


Figure 5. Control Voltage versus Case Temperature 


Pout, OUTPUT POWER (W) 
Pout, OUTPUT POWER (W} 


51 = Vg? = Vs3 = Voq = 7.5 Vde 
VCont SET FOR Pout =7W @ Tc = 25°C 


80 —60 ~40 20 0 20 40 60 §©=6©80 ~— 100 


80 —60 -—40 -20 0 20 40 60 80 100 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 


Figure 6. Output Power versus Case Temperature _ Figure 7. Output Power versus Case Temperature 
. . at Maximum Control Voltage 


TYPICAL CHARACTERISTICS 
(MHW707-2) 


7, EFFICIENCY (%) 


Vs = V53 = Vs4 = 7.5 Vde 
VCont = 7Vde 


Pout, OUTPUT POWER (W) 


Veont: CONTROL VOLTAGE (Vdc) 


-80 -60 -4 -20 0 2 40 60 80 100 430 440 450 re 
~~ Te, CASE TEMPERATURE (°C) . f, FREQUENCY (MHz). . 
Figure 8. Output Power versus Case Temperature Figure 9. Control Voltage, Efficiency and VSWR 


at Maximum Control Voltage versus Frequency 
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MHW707 Series 


TYPICAL CHARACTERISTICS 
(MHW707-2) 


7.5Vde 


1mW 


f, FREQUENCY (MHz) 
Figure 11. Output Power versus Frequency | 
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Figure 13. Output Power versus Case Temperature 


Figure 12. Control Voltage versus Case Temperature 
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MHW707 Series 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vg1 = Vs2 = Vs3 = Vs4 = 7.5 Vdc (Pins 
2, 4,5, 6) and Poyt equal to 7.0 watts. With these con- 
ditions, maximum current density on any device is 1.5 
x 105 A/cm2. While the modules are designed to have 
excess gain margin with ruggedness, operation of 
these units outside the limits of published specifica- 
tions is not recommended unless. prior communica- 
tions regarding intended use have been made with the 
factory representative. ; 


GAIN CONTROL 


The module output should be limited to 7.0 watts. 
The preferred method of power output control is to fix 
Vs1 = Vs2 = Vs3 = V4 = 7.5 Vdc (Pins 2, 4, 5, 6), Pin 
(Pin 1) at 1.0 mW, and vary Veont (Pin 3) voltage. 


DECOUPLING 


Due to the high gain of the four stages and the module 
size limitation, external decoupling networks require 
careful consideration. Pins 2, 3, 5 and 6 are internally 
bypassed with a 0.018 uF chip capacitor which is effective 
for frequencies from 5.0 MHz through 940. MHz. For 
bypassing frequencies below 5.0 MHz, networks equiv- 
alent to.that shown in Figure 1 are recommended. Inad- 
equate decoupling will result in spurious outputs at cer- 
tain operating frequencies and certain phase angles of 
input and output VSWR. . 


INPUT [aT 


Figure 14. Test Fixture Assembly 


LOAD MISMATCH 


During final test, each module is load mismatch tested 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vs1 = Vs2 
Vs3 = Vs4 equal to 9.0 Vdc, VSWR equal to 20:1, and 
output power equal to 9.0 watts. 


OUTPUT 


Note: The Printed Circuit Board shown is 75% of the original. 


Figure 15. Photomaster For Test Fixture 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 
m2 SEMICONDUCRQ: yyy 
_ TECHNICAL DATA 


/ MHW709-1 
—oMHW709-2— | 
_ MHW709-3— 


} ie se agetnesere 7.5 W— 400-512 MHz 
| __ _UHF POWER AMPLIFIERS | Baa See a: 
.. . designed for 12.5 volt UHF power amplifier applications in : _ RF POWER bed 
industrial and commercial FM equipment operating from 400 to 7 eit AMPLIFIERS | 
® Specified 12.5 Volt, UHF Characteristics —_ 


Output Power = 7.5 Watts 
Minimum Gain =18.8dB 
..., Harmonics = 40 dB 


e500 Input/Output Impedance 
® Guaranteed Stability and Ruggedness | 
@ Gain Control Pin for Manual or Automatic Output Level Control 


@ Thin-Film Hybrid Construction Gives Consistent Performance 
and Reliability ~~ 


STYLE 1: 
PIN 1. RF OUTPUT 
2. GROUND 
3, D.C. TERMINAL 
4, GROUND 
5. 0.C. GAIN 
6, GROUND 
7, RF INPUT 


| 


SEATING PLANE 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


7: ; NOTES: he 
Symbol >. 1, MOUNTING HOLES WITHIN 0.13€MM (0.005) DIA OF — 


DC Supply Voltages TRUE POSITION AT SEATING PLANE AT 
cad al MAXIMUM MATERIAL CONDITION. 


RF Input Power Pig 2807 mi | ” . DIMENSIONING AND TOLERANCING PER ANSI 
= z Y14.5M, 1982. 
RF Output Power(@Vs=Vsc=12.5V) [| Pour | 10 | WW CONTROLLING DIMENSION: INCH. 
Operating Case Temperature Range -30 to +100 . . 
Storage Temperature Range — 40 to +100 


< 
t 
< 
n 
Qa 
o 
on 
< 
a 
a 


1°72) 
ot 


0.148 
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MHW709-1, MHW709-2, MHW709-3 


ELECTRICAL CHARACTERISTICS (Vg and Vgc set at 12.5 Vdc, Ta = 25°C, 50 1 system unless otherwise noted) _ 


Frequency Range _ MHW709-1 . — 400 440 MHz 
~  MHW709-2 440 470 
MHW709-3 


Input Power (Pout =7.5W) |. 


Gp 
az 


Efficiency (Pout = 7.5 W) | | 


Harmonics (Poyt-= 7.5 W, Reference) . ess 


Input Impedance (Poyt = 7.5 W, 50 2 Reference) 


Power Degradation (Poyt = 7.5 W, Tc = 25°C, Reference) 
(Tc = 0°C to 60°C) — 


(Tc = —30°C to 80°C) 
Load Mismatch 
(VSWR = 0, Vs _ Vsc = 15.5 Vdc, Pout 
Stability = , - 
1. (Pin = 30 to 150 mW, Load Mismatch = 2:1, 50 © Reference, 
Vs = Vsc¢ = 3.0 to 15.5 Vdc) a . 
2. (Vg = 12.5 Vde, Vgc adjusted for Pout = 5.0 to 10 W, Pjpn = 100 mW, 
Load Mismatch = .4:1, 50 © Reference, note Vs¢<Vs) 


Standby Current (Pjp = 0) . 


ey a 


bo! No degradation in Pout 


= 10 W) 


All spurious outputs 
more than 70 dB 
below desired signal 


FIGURE 1 — UHF POWER AMPLIFIER TEST SETUP 


MHW709 BLOCK DIAGRAM 


a 2 el 
“C3 es “C7 
C4 
=, MHW709 Text Fixture Schematic 


MICROLAB/ FXR AD 10N Z1, Z2 50 2 Microstripline C2, C3 0.1 uF Ceramic 
Signal L1, L2 Ferroxcube VK200-20/4B -C7 47 pF Tantalum, 25 V 
Generator _ C1, C4, C5, C6 1.0 wF Tantalum 25 V 


NOTE: No Internal D.C. blocking on input pin. 


/ MOTOROLA RF DEVICE DATA 
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MHW709-1, MHW709-2, MHW709-3 


TYPICAL PERFORMANCE CURVES 


(MHW709-2) 
FIGURE 2 — INPUT POWER, EFFICIENCY, AND ss 
VSWR versus FREQUENCY _. -FIGURE 3 — OUTPUT POWER versus INPUT. POWER | 
2007 Pout = 15 Watts " Ss i Vs = Vsec = 12.5 V : | 
175 -— Vs = Vse = 12.5 V 45 Input VSWR < 2:1 
5 oe: i a 
= 150 4 8 E 
=. ry = 
x 125 3g a 
& 100 S 
cS = 
a D> 
= 75 = 
5 ae | 
= ‘ oe 
50 2.0:1 E 
te a. 
25 15:1 3 
: > 
0 1.0:1 
400 420 440. 460 480 _ 500 
f, FREQUENCY (MHz) | a* Pin, INPUT POWER (mW) 
; <M Sous | FIGURE 5 — OUTPUT POWER versus GAIN 
FIGURE 4 — OUTPUT POWER versus VOLTAGE | _ ° CONTROL VOLTAGE | oe 
Pin=100 mW. 
oe a 
S 2 
= 
uu 
= = 
2 = 
- k 
2 = 
& 5 
oO od 
3 3 
a a 
eS 280s “6.0 9.0 12 15 
V, VOLTAGE (Vs = Veo) | | Vie, GAIN CONTROL VOLTAGE (VOLTS) 
FIGURE 6 — GAIN CONTROL CURRENT versus VOLTAGE “3 = ~ FIGURE 7~— TEST CIRCUIT 


Isc, GAIN CURRENT CONTROL (AMP) 


Vsc, GAIN CONTROL VOLTAGE (VOLTS) 
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MHW709-1, MHW709-2, MHW709-3 


APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the nominal 
conditions Of Vgc (Pin 5) and Vg (Pin 3) equal to 12.5 
Vde and with output power equaling 7.5 watts. With 
these conditions, maximum current density on any de- 
vice is 1.5 x 10° A/em2 and maximum die temperature 
with 100° base plate temperature is 165°. While the mod- 
ules are designed to have excess gain margin with rug- 
gedness, operation of these units outside the limits of 
published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 

The intent of these gain control enor is to set the 
nominal Poyt- Do not use them for wide range gain 
control. 

In general, the module output power should be lim- 
ited to 10 watts. The preferred method of power output 
control is to fix both Vg and Vg at 12.5 Vde and vary 
the input RF drive level at Pin 7. The next method is to 
control Vgc through a stiff voltage source. 

A third method of power output control is to contro! 
Vsc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling | 

Due to the high gain of the fhree stages and the mod- 
ule size limitation, external decoupling network requires 
careful consideration. ‘Both Pins 3 and 5 are internally 
bypassed with a 0.018 uF chip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an- 
gles of input and output VSWR less than 3:1. 


Load Pull | 

During final test, each module is “load pull’’ tested in 
a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vg and Vgc 
equal 15.5 V output, VSWR aeiite, output power equal 
to 10 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 


Dow Corning 340). With both mounting screws finger 


tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


; Body Clearance 
for 4—40 Screw 


Input Line 
Width = 0.085” : 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


Output Line © 
Width = 0.085" 


NOTE: 
Mount board and module on 1/2” thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


MOTOROLA RF DEVICE DATA 


5-160 


MOTOROLA | | 
m= SEMICONDUCTOR sien MHW710-1 


TECHNICAL DATA tt” 
) | MHW710-2 
MHW710-3 


13W - 400-512 MHz 


- RF POWER ~ 
AMPLIFIERS. 


-_UHF POWER AMPLIFIERS - 


bee designed for. 12.5 volt UHF power amplifier applications in 
industrial and commercial FM équipment operating from 400 
to 512 MHz. — | ro | so 
@ Specified 12.5 Volt, UHF Characteristics — 
. - Output Power = 13 Watts 
Minimum Gain.= 19.4 dB 
Harmonics = 40 dB | 
50 Q Input/Output Impedance 
Guaranteed Stability and Ruggedness 
Gain Control Pin for Manual or Automatic Output Level Control 
Thin Film Hybrid Construction Gives Consistent Performance 
and Reliability — | | 


MAXIMUM RATINGS (Flange Temperature = 25°C) - 


a eres a ce 
[Be Supply Votages——SSSSS~«d ng | tc 
CaF input Power SSS |e 


a [4160.13 (0.005). 


2a 


STYLE 1: 
PIN 1. RF OUTPUT 
~--2, GROUND 
3. D.C. TERMINAL 
4, GROUND 
§. D.C. GAIN 
6, GROUND 


ELECTRICAL CHARACTERISTICS ee 7. RF INPUT 
(Vg and Vgc set at 12.5 Vdc, Ta = 25°C, 50 2 system unless otherwise noted) : | 


Characteristic 


~ MHW710-1 | 
~ MHW710-2 
MHW710-3 


Input Power (Pout = 13 W) 


NOTES: 
1, MOUNTING HOLES WITHIN 0.13MM (0.005) DIA OF 
TRUE POSITION AT SEATING PLANE AT 
‘MAXIMUM MATERIAL CONDITION. 
.2, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: INCH. 


Frequency Range 


Power Degradation (Poyt = 13 W, Tc = 25°C, 
Reference) 
(Tc = 0°C to 60°C) 

“(Te = —30°C to 80°C) 


Load Mismatch ‘D3 - 

(VSWR = %, Ve = 15.5 Vde, Poyt = 16.5 W) 

Stability . 

1. (Pin = 50 to 200 mW, Load Mismatch = 4:1, 
50 2 reference, Vg = Vsgc¢ = 8.0 to 15.5 Vdc) 

2. (Vg = 12.5 Vdc, Vgc adjusted for Poy = 5.0 
to 15 W, Pin = 150 mW, Load Mismatch 

= 4:1, 50 0 reference, note Vsc < Vs) 


Tomo) 


0.300 


No degradation 
in Pout 
All spurious outputs 
more than 70 dB 
below desired signal 


CASE 700-04 
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MHW710-1, MHW710-2, MHW710-3 


APPLICATIONS INFORMATION 


Nominal Operation 
All electrical specifications are based on the nominal 


conditions of Vsc (Pin 5) and Vg (Pin 3) equal to 12.5 — 


Vde and with output power equaling 13 watts. With 


these conditions, maximum current density on any de- | 


vice is 1.5 x 105 A/cem2 and maximum die temperature 
with 100° base plate temperature is 165°. While the mod- 
ules are designed to have excess gain margin with rug- 
gedness, operation of these units outside the limits of 
published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 

The intent of these gain control methods is to set the 
nominal Pout: Do not use them for made range gain 
control. 

In general, the module output power should be lim- 
ited to 10 watts. The preferred method of power output 
control is to fix both Vsg¢ and Vg at 12.5 Vde and vary 
the input RF drive level at Pin 7. The next method is to 
control Vgc through a stiff voltage source. 

A third method of power output control is to control 
Vgc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 

Due to the high gain of the three stages and the mod- 
ule size limitation, external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 uF chip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an- 
gles of input and output VSWR less than 3:1. 


Load Puil 

_ During final test, each module is “load pull’ tested in 
a-fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vg and Vgc 
equal 15.5 V output, VSWR infinite, ee power equal 
to 16.5 watts. 


Mounting Considerations. 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 
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TYPICAL PERFORMANCE CURVES 
(MHW710-2) 


FIGURE 2 — INPUT POWER, EFFICIENCY, AND = 
VSWR versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
_ PRINTED CIRCUIT BOARD 


oe NOTE: The Printed Circuit Board shown is 75% of the original. 
Body Clearance . 


for 4-40 Screw 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


Output Line 
Width = 0.085” 


Mount board and module on 1/2” thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 
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MOTOROLA 


2 SEMICONDUCPOR yyy 
TECHNICAL DATA 


The RF Line . 


UHF POWER AMPLIFIERS 


... designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating from 400 to 
470 MHz. - fgets 
® Specified 12.5 Volt, UHF Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 21 dB 
Harmonics = 40 dB 
50 2 Input/Output Impedance . 
Guaranteed Stability and Ruggedness. 
Gain Control Pin for Manual or Automatic Output 
Level Control ‘¢ 


Thin Film Hybrid Construction Gives Consistent 
Performance and Reliability 


ELECTRICAL CHARACTERISTICS 
(Vg and Vgg set at 12.5 Vdc, Ta = 25°C, 50 1 system unless otherwise noted) 


Frequency Range MHW720-1 
MHW720-2 


Input Power (Poyt = 20W) 


a 


Power Degradation (Poyt = 20 W, Tc = 25°C, 
Reference) 

(Tc = O°C to 60°C) 

(Tc = —30°C to 80°C) 


Load Mismatch 
(VSWR = ~, Vg = 15.5 Vde, Poyt = 30 W) 


Stability All spurious outputs 
1. (Pjn = 50 to 200 mW, Load Mismatch = 2:1, more than 70 dB 

50 © reference, Vs = Vgc = 8.0 to 15.5 Vdc) below desired signal 
2. (Vg = 12.5 Vdc, Vgc adjusted for Poyt = 5.0 

to 20 W, Pin = 150 mW, Load Mismatch 

= 2:1, 50 0 reference, note Vgc < Vs) 
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MHW720-1 


MHW720-2 


20 W 400-470 MHz 


RF POWER 
AMPLIFIERS 


2PL 


C STYLE 1: 

wn PIN 1. RF OUTPUT 

2. GROUND 

3. D.C. TERMINAL 
4, GROUND 

5. D.C. GAIN 

6. GROUND 

7, RF INPUT 


NOTES: 

1, MOUNTING HOLES WITHIN 0.13MM (0.005) DIA OF 

-.. . TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION. _ 

2. DIMENSIONING AND TOLERANCING PER ANSI 
‘Y14.5M, 1982, 

3, CONTROLLING DIMENSION: INCH. 
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APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the nominal 
conditions of Vsg¢ (Pin 5) and Vg (Pin 3) equal to 12.5 
Vde and with output power equaling 20 watts. With 
these conditions, maximum current density on any de- 
vice is 1.5 x 10° A/em2 and maximum die temperature 
with 100° base plate temperature is 165°. While the mod- 
ules are designed to have excess gain margin with rug- 
gedness, operation of these units outside the limits of 
published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 

The intent of these gain control methods is to set the 
nominal Poyt. Do not use them for wide range gain 
control. ae 

In general, the module output power should be lim- 
ited to 20 watts. The preferred method of power output 
control is to fix both Vgc and Vz, at 12.5 Vde and vary 
the input RF drive level at Pin 7. The next method is to 
control Vcc through a stiff voltage source. 

A third method of power output control is to control 
Vsc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 

Due to the high gain of the three stages and the mod- 
ule size limitation, external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 uF chip capacitor effective for 
frequencies from 5.through 512 MHz. For bypassing © 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an- . 
gles of input and output VSWR less than 3:1. 


Load Pull 

During final test, each module is “‘load pull’ tested in 
a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vg and Vgc 
equal 15.5 V output, VSWR infinite, output power equal 
to 30 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 


Dow Corning 340). With both mounting screws finger 


tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0. 005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


FIGURE 1 as UHF POWER AMPLIFIER TEST SETUP 
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MHW720 BLOCK DIAGRAM 


.MHW720 Text Fixture Schematic 


C2, C3 0.1 wF Ceramic . 
C7 47 pF Tantalum, 25 V 
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TYPICAL PERFORMANCE CURVES 
(MHW720-2) | 


FIGURE 2 — INPUT POWER, EFFICIENCY, AND . 
VSWR versus FREQUENCY _ . FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus VOLTAGE CONTROL VOLTAGE 
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FIGURE 7 — TEST CIRCUIT 


FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Body Clearance’ 
for 4-40 Screw 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


Output Line 
Width = 0.085” 


NOTE: 
Mount board and module on 1/2” thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 
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MOTOROLA 


m= SEMICONDUCTOR EEE 
TECHNICAL DATA | a | 


-MHW720A1 
MHW720A2 


_ The RF Line 


20 W 400-470 MHz 


UHF POWER AMPLIFIERS RF POWER 
| “AMPLIFIERS | 


... capable of wide power range control as encountered in UHF — 
cellular telephone applications. + 
‘© MHW720A1 400-440 MHz 

_@ MHW720A2 440-470 MHz ~ 
@ Specified 12.5 Volt, UHF Characteristics — 

Output Power = 20 Watts 
Minimum Gain = 21 dB. 
Harmonics = —40 dB (Max): . 


@ 50 © Input/Output Impedance 
.® Guaranteed Stability and Ruggedness 


@ Epoxy Glass PCB Construction Gives Consistent 
‘Performance and Reliability . 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


SEATING PLANE PIN 1, RF OUTPUT 
2, GROUND 
3. Vs 2 
4. GROUND 
5. Vs 1 
6. GROUND 
7, RF INPUT 
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Yon. 
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- Characteristic 


2 MHW720A2 


~ Gain Degradation (2) (Pout = 20 W, Reference 
Gain @ Tc = + 25°C) Tc = —30°C 
. Tc = + 80°C 


NOTES: - 
1. MOUNTING HOLES WITHIN 0.13MM (0.005) DIA OF 
TRUE POSITION AT SEATING PLANE AT 
MAXIMUM MATERIAL CONDITION. 
~ 2, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 
. CONTROLLING DIMENSION: INCH. 


MILLIMETERS | INCHES | 
| MIN | MAX | 


| MIN. | MAX_| 
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1. Load VSWR = 4:1, 50 O Reference 
2. Source VSWR = 2:1, 50 2 Reference 


Quiescent Current 151 (q) 200 mA 
(ls; No RF Drive Applied) - 


(2) See Figure 5, Input Power versus Case Temperature 
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APPLICATIONS INFORMATION 


Nominal Operation 
All electrical specifications are based on the nominal 
conditions of Vgq1 (Pin 5) and Vgo (Pin 3) equal to 12.5 


Vde and with output power equaling 20 watts. With . 


these conditions, maximum current density on any de- 
vice is 1.5 x 10° A/em2 and maximum die temperature 
with 100° base plate temperature is 165°. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the limits 


_ of published specifications is not recommended unless . 


prior communications regarding intended use has been 
- made with the factory representative. 


Gain Control 


This module is ; designed for wide range Pout level 
control. The. recommended method of power output 
control, as shown in Figure 3, is to fix Vg and Vs9 at 
12.5 Vde and vary the input RF drive level at Pin 7. 

In all applications, the module oufput power should 
be limited to 20 watts. 


Decoupling 
Due to the high gain of the three stages and the mod- 


ule size limitation, the external decoupling network re- 


quires careful consideration. Both Pins 3 and 5 are in- 
ternally bypassed with a 0.018 uF chip capacitor effective 


for frequencies from 5 through 470 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test fixture schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an- 
gles of input and output VSWR less than 4:1. 


Load Mismatch 

During final test, each module is load mismatch 
tested in a fixture having the identical decoupling net- 
work described in Figure 1. Electrical conditions are V4 
and Vs9 equal 15.5 V, load VSWR infinite, and stot : 
power equal to 30 watts. . 


Mounting Considerations 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


FIGURE 1 — UHF POWER AMPLIFIER TEST SETUP 
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MHW720A Text Fixture Schematic 


C2, C3 0.1 pF Ceramic 
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FIGURE 2 — INPUT POWER, EFFICIENCY, AND 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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Input Line 
Width = 0.085” 


Pin 7 


FIGURE 7 — TEST CIRCUIT 


FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
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NOTE: The Printed Circuit Board shown is 75% of the original. 
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Teflon Glass Board 
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er = 2.56 


Output Line 
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NOTE: 
Mount board and module on 1/2" thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 
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® MHW802-1 825-845 MHz © = 4 ee _ 4 | _ RF POWER : 
@ MHW802-2 890-915 MHz | » sg : | AMPLIFIERS 
® Specified 9.5 Volt Characteristics ee ~ | 

Output Power = 2.2 Watts © 

Minimum Gain (VControl.= 9 V) = 20.4 dB 

Harmonies = --25 dB (Max 2 fo) 
@ 50 2 Input/Output Impedance 
e Guaranteed Stability and Ruggedness 
@ Thin Film Hybrid Construction Gives Consistent Performance and Reliability 
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Frequency Range MHWe02- 1 
MHW802-2 


Control Voltage (Pot = 2.2 W; Pin = 20 mw)\1) oO 
Trickle Current (Vy, Pin 4 = 9 Vdc) ee 
Power Gain (Pout = 22 W, Veont =9 Vdc) : — 


Efficiency (Pout = 2.2 W, Pin = 20 mw)(1) 


Harmonics (Poyt = 2.2, W)(1) 2 fo 
(Pin. = 20mMW) = 3 fo 


Input VSWR (Pout = 2.2 W, Pin = 20 mW), 50 0 Ref. (1) 
Noise power 30 kHz Bandwidth, 45 MHz, above fo — 


(Pout = 2.2 Wt) Te = +25°C 
(Pin = 20mW) =‘ Te = +100°C 


“Load Mismatch (Voc Pins 3,5 = V7 Pin 4 = 12.5 Vdc, 
VSWR = 3:1, Pout = 3 W, Pin = 50 mw)\(1) 


~ Stability (Pj,p = 20 mW, Vcc = VT = 7.9 Vdc to 9.5 Vde, 
Pout between 20 mW and 2.2W(1) 
Load VSWR = 3:1, Source VSWR = 3:1) 


No Degradation | 
in Power Output 


All spurious outputs 
more than 60 dB 
eee desired signal 


_ (1) Adjust Veont for specified Pout: . 
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MHW802-1 


Pin = 20 MW, Poyt = 2.2W 
Vcc = 9.5 Vde, V7 = 9 Vde 


7, EFFICIENCY (%) 


Veont: CONTROL VOLTAGE (Vdc) 
Pout, OUTPUT POWER (W) 


NPUT VSWR 


~§, FREQUENCY (MHz) : | Veont: CONTROL VOLTAGE (Vdc) 


Figure 1. Control Voltage, Efficiency, Figure 2. Output Power versus Control Voltage 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vcc (Pins 3 and 5) equal to 9.5 Vdc, Vt (Pin 
4) equal to 9 Vdc, and Poyt equal to 2.2 watts. With these 
conditions, maximum current density on any device is 
1.5 x 105 A/cm2 and maximum die temperature with 
100°C case operating temperature is 165°C. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the limits 
of published specifications is not recommended unless 
prior communication: regarding intended use nas been - 
made with the factory representative. 


GAIN CONTROL 


The module output should be limited to 2.2 watts. The 
preferred method of power output control is to fix Vcc 
(Pins 3 and 5) at 9.5 Vdc, V7 (Pin 4) at 9 Vdc, Pjp (Pin 1) | 
at 20 mW, and vary Veont (Pin 2) voltage. 


Figure 12. Test Fixture Assembly 


INPUT LINE | OUTPUT LINE 


1234567 
DECOUPLING 


Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require 
careful consideration. Pins 2, 3 and 5 are internally by- 
passed with a 0.018 uF chip capacitor which is effective 
for frequencies from 5 MHz through 915 MHz. For by- 
passing frequencies below 5 MHz, networks equivalent 
to that shown in Figure 6 are recommended. Inadequate 
decoupling will result in spurious outputs at certain op- 
erating frequencies and certain phase angles of input and 
output VSWR. 


LOAD MISMATCH 


BODY CLEARANCE —_ TEFLON GLASS BOARD During final test, each module is load mismatch tested 

FOR 4-40 SCREW =. 3M TYPE LX-0300-55-22 in a fixture having the identical decoupling networks de- 
‘scribed in Figure 6. Electrical conditions are Vcc and VT 
equal to 12:5 Vdc, VSWR equal to 3:1, and output power 
equal to 3 watts. 


Figure 13. UHF Printed Circuit Board 


MOTOROLA RF DEVICE DATA 


5-176 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA © - 


MHWs03 


The RF Line | Series 


UHF Power Amplifiers 


... capable of wide power range control as encountered in portable cellular radio 
applications (30 dB typical). , 
MHW803-1 820-850 MHz 
MHW803-2 806-870 MHz 
MHW803-3 870-905 MHz 
MHW803-4 890-940 MHz 
Specified 7.5 Volt:Characteristics 
RF Input Power = 1 mW (0 dBm) 
RF Output Power = 2 Watts . 
Minimum Gain (Vcontro| = 4 V) = 33 dB 
Harmonics = — 45 dBc Max @ 2 fo . 
@ 50 2 Input/Output Impedance | 
® Guaranteed Stability and Ruggedness . A ae ; 
@ Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


2 W — 806 to 940 MHz 
UHF POWER 
AMPLIFIERS 


& 


CASE 301E-04, STYLE 1 


MAXIMUM RATINGS (Flange Temperature = 25°C). 
Rating 
DC Supply Voltage (Pins 2,3,4) - 
DC Control Voltage (Pin 1) | 
RF Input Power 
RF Output Power (Vg = Vg? = Vs3 = 10 V) © 
Operating Case Temperature Range 


Storage Temperature Range 


Characteristic 


Frequency Range MHW803-1 
MHW803-2 
MHW803-3 
MHW803-4 


Control Voltage (Pout = 2 W, Pin = 1 mw){1) 
Quiescent Current (Vs1, Pin 2 = 7.5 Vdc)(2) 
Power Gain (Pout = 2 W, Vcont = 4 Vdc) | 
Efficiency (Pout = 2 W, Pin = 1 mw)\1) 


Harmonics (Poyt = 2W){1) 2 f 
(Pin =1MW)  3fo 
Input VSWR (Pout = 2 W, Pin = 1 mW), 50 © Ref. (1) 
Noise power 30 kHz Bandwidth, 45 MHz, above fo. 
(Pout = 2W)1) Te = +25°C 
(Pin = 1mMW) Tc = +100°C 
Load Mismatch (Vs1 = Vs2 = Vs3 = 10 Vdc). 
VSWR = 10:1, Pout = 3 W, Pin = 3 mw)(1) | 
Stability (Pjj = 0.5-2 MW, Vs1 = Vs2 = Vg3 = 6-9 Vdc) , | “All spurious outputs 
Pout between 0 mW and 2 W(1) . , more than 60 dB 
Load VSWR = 6:1, Source VSWR = 3:1) below desired signal 


(1) Adjust Vegnt for specified Pout. 
(2) VCont = 0 Vdc. 


MOTOROLA RF DEVICE DATA 
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MHW803 Series 


PIN I 
NO. 
TEST FIXTURE 
21 
REY | | f. 
IN| VCONTROL Vs1  Vs9 Vs3. OUT 
+4Vde — -+7.5 Vde +7.5Vde +75 Vde- 
RD @ 100 pA == @ 120A @ 100 mA —@450mA [WD 
(TYPICAL) (TYPICAL) (TYPICAL) (TYPICAL) | 
% waar C1, C2 — 0.018 F CHIP 50 
: C3, C5, C7 — 0.1 uF OHM 
ATTENUATOR | 
C4, C6, C8, C9 — 1 wF TANTALUM LOAD 


Li, L2, L3, L4—0.15 wH 


- _ SIGNAL 21, 22 — 50 © MICROSTRIP 
. O) GENERATOR . 


Figure 1. Power Module Test System 
Block Diagram 


TYPICAL CHARACTERISTICS 
(MHW803-1,-2) 
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Figure 2. Control Voltage, Efficiency and VSWR Figure 3. Output Power versus Control Voltage 


versus Frequency _ 
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TYPICAL CHARACTERISTICS 
(MHW803-1,-2) 


MHW803 Series 
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MOTOROLA RF DEVICE DATA 
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MHW803 Series 


TYPICAL CHARACTERISTICS 
 (MHW803-3,-4) 


Pout, OUTPUT POWER (W) 
Vcont: CONTROL VOLTAGE (Ve) 


860 880 900 -. 920 940 960 —80 -—60 -—40 —20. 0 20 40 60 - 80 100 
. f, FREQUENCY (MHz) Ter CASE TEMPERATE (°C) 
Figure 10. Output Power versus Frequency Figure 11. Control Voltage versus Case Temperature 


V1 = Vg2 = Vg3 = 7.5-Vde 
Vcont set for Pout = =2W at Ic = = 20°C 


Pout, OUTPUT POWER (W] 
Pout, OUTPUT POWER (W] 


—80 -60 -40 -—20 0 20. 40 60 80 = 100 
Tc, CASE TEMEER CDE (°C) Tc, CASE TEMPERATURE (°C) 


Figure 12. Output Power versus Case Temperature Figure 13. Output Power versus Case Temperature 
at Maximum Control Voltage 
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MHW803 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vs1 = Vs2 = Vs3 = 7.5 Vdc (Pins 2, 3, 4) 
and Poyt equal to 2 watts. With these conditions, maxi- 
mum current density on any device is 1.5 x 105 A/em2 
and maximum die temperature with 100°C case operating 
temperature is 165°C. While the modules are designed to 
have excess gain margin with ruggedness, operation of 
these units outside the limits of published specifications 
is not recommended unless prior communications 
regarding intended use have been made with the factory 
representative. 


GAIN CONTROL 


The module output should be limited to 2 watts. The 
preterreg method of power output control is to fix V4 
= Vs2 = Vs3 = 7.5 Vde (Pins 2, 3, 4), Pin (Pin 1) at 

1 mW, and vary VCont (Pin 1) voltage. 


DECOUPLING 


Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require 
careful consideration. Pins 2, 3 and 4 are internally 
bypassed with a.0.018 uF chip capacitor which is effective 
for frequencies from 5 MHz through 940 MHz. For bypass- 
ing frequencies below 5 MHz, networks equivalent to that 
shown in Figure 1 are recommended. Inadequate decou- 
pling will result in spurious outputs at certain operating 
frequencies and certain phase angles of input and output 
VSWR. 


~ PIN NUMBERS 


1 2 34 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 14. Test Fixture Assembly 


LOAD MISMATCH 


During final test, each module is load mismatch tested © 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Voj = Vs52 
= Vg3 equal to 10 Vdc, VSWR equal to 10:1, and output 
power equal to 3 watts. 


Figure 15. Photomaster For Test Fixture 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | 


ea SEMICONDUCTOR @& 
TECHNICAL DATA 


MHWs06A 
The RF Line | 7 | SERIES | 


UHF Power Amplifiers 


... designed for 12.5 Volt UHF power amplifier applications in industrial and commercial 


FM equipment operating from 806 to 950 MHz. HIGH GAIN RF POWER 


@ MHW806A1 = 820-850 MHz AMPLIFIERS 
MHW806A2 806-870 MHz 6 WATTS 
MHW806A3 890-915 MHz 806-950 MHz 


MHW806A4 870-950 MHz. 
© Specified 12.5 Volt, UHF Characteristics 

Output Power = 6 Watts ; 

Minimum Gain = 23 dB (MHW806A1,2) 

_ = 21.7: dB (MHW806A3,4) 
Harmonics = —42 dBc Max (2f9) 
/ = = 60-dBc Max (3fg and Higher) 

50 © Input/Output Impedances =. 
Guaranteed Stability and Ruggedness 
Features Three Common-Emitter Gain Stages 
Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 
Gold-Metailized and Silicon Nitride-Passivated Transistor Chips 
Controllable, Stable Performance Over More Than 35 dB Range in Output Power 


MAXIMUM RATINGS 


~30 to +100 


Tc 
: 


-MHW806A1. 
MHWs06A2 
MHW806A3 _ 

_ MHW806A4 


Power Gain Ar — ~ MHW806A1,2 
(Vcont = 12.5 Vdc, Pout = 6W) __- MHW806A3,4 

Efficiency (1) ve ae pa | 

(Pout = 6W) — 


Harmonic Output (1) 
(Pout = 6 W Reference) 


Input VSWR (1) 
(Pout = 6 W, 50 © Reference, Reflected Signal Filtered to 
Eliminate Harmonic Content) 


Of 
3fo and Higher 


(1) Pin = 30 MW (MHW806A1,2) or Pip = 40 mW (MHW806A3,4), adjust Vcont for specified Pout- | (continued) 


MOTOROLA RF DEVICE DATA 
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MHWS806A Series 


ELECTRICAL CHARACTERISTICS — continued 
(Flange Temperature = 25°C, 50 © system, and Vg} = 12.5 V unless otherwise noted) 


Characteristic 


Power Degradation (— 30 to +80°C) (1) . 
(Reference Poyt = 6 W @ Tc = 25°C) 


Load Mismatch Stress (1) 
“(Vg1 = 16 Vdc, Poyt = 7.5 W, VSWR = 30:1, 
all phase angles) 


Stability (Pj, = 0 to 30 mW, [MHW806A1,2] or 0 to 40 mW 


All spurious outputs =70 dB below 


[MHW806A3 ‘4], Vg1 = 10 to 16 Vdc, Vcont = 0 to 12.5 Vdc, desired output signal level | 


Load VSWR = 4:1, Poyt Max = 7.5 W) (2) 
Quiescent Current @ Vg1.= 12.5, V, Vcont = 0V 
(Icont with no RF drive applied) 


= 30 mW (MHW$806A1,2), 
40 mW (MHW806A3,4) 


(1) Pin = 30 mW (MHW806A1 ,2) Or Pin, = 40 mW (MHW806A3,4) adjust NCont for specified Pout. 
(2) Combination of Pin, Vs, and Vcont can not exceed max Pout ° = 7.5 


MHW806A INTERNAL DIAGRAM. 


OUTPUT itt” 
POWER SPECTRUM 


INPUT* REFLECTED 5 oe 
POWER POWER | | | | 
METER METER 


‘ , m= le 20dB 
ATTENUATOR 


aos tees i” ORF Veont 2 Sst RF | | 
= _|INPUT = «0-125 Vide - +125 Vde OUTPUT | fA A 


FIXTURE 


22 
_ DIAGRAM 


| 20 dB DUAL DIRECTIONAL | ee | cone a 20 dB DUAL DIRECTIONAL 
COUPLER a : COUPLER 
pups Z1, 22 — 50 © MICROSTRIP AAA} 
10dB «RF SIGNAL C2, C5 — 0.1 pF Gs - POWER 
MINIMUM GENERATOR - 3, C8 — 0.018 = | TERMINATION 
ATTENUATION | eae | 


*Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 


Figure 1. UHF Power Amplifier Test System Diagram ae 
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MHW806A Series 


A2 


ti 


MHW806A1 


+ 12.5 Vde 


(M) YIMOd LNdLNO 1% 


VCont GAIN CONTROL VOLTAGE (Vdc) 


Pin, INPUT POWER (mW) 


Figure 2. Output Power versus Input Power 


Figure 3. Output Power versus Gain Control Voitage 


+ 12.5 Vde 


2//* 
Cyr 


(M) H3MOd LNdLNO 77d 


f, FREQUENCY a 


Te, CASE TEMPERATURE on | 


Figure 5. Output Power versus Frequency 


Figure 4. Output Power versus Case Temperature 


—- (%) AONAIOIda 
Ss ¢ 8s 


(OPA) FOVLIOA TOHLNOD NIV9 MYO; 


(OPA) JDVIIOA TOWLNOD NIVD 24°), 


YMSA LANE 


Tc, CASE TEMPERATURE (°C) 


f, Fee (MHz) 


Figure 6. Gain Control Voltage, Input VSWR, 


Figure 7. Gain Control Voltage versus Case 


Temperature 


Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 
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MHWS806A Series 


MHWS806A3, A4 


37.78 dBm (6 W) oe 


(M) HaMOd LNdLNO 2°%q 


Vcont: GAIN CONTROL VOLTAGE (Vdc) 


e Fe nett ee (mW) 


Figure 9. Output Power versus Gain Control Voltage | 


Figure 8. Output Power versus Input Power 


(M) H3MOd LNdLNO “9% 


+20 +40 +60 +80 +100 


Tc, CASE TEMPERATURE (°C) 


0 


FREQUENCY (MHz) 


Figure 11. Output Power versus Frequency 


Figure 10. Output Power versus Case Temperature 


(9PA) FOWLIOA TOULNOD 24°) 
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(9PA) JOVLIOA TOULNOD NIVD YOO, 


YMSA LONI 
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Tc,,CASE TEMPERATURE (°C) 
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Figure 12. Gain Control Voltage, Input VSWR, 


Figure 13. Gain Control Voltage versus Case 


- Temperature — 


Efficiency versus Frequency 
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MHWS806A Series 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the failowing 
nominal conditions: (Poyt = 6 W, Vg1 = 12.5 Vdc). This 
module is designed to have excess gain.margin with rug- 
gedness, but operation outside the limits of the published 
specifications is not recommended unless prior com- 
munications regarding the intended use have been made 
with a factory representative. 


Gain Control 


In general, the module output power should be limited 
to 7.5 watts. The preferred method of power output con- 
trol is to fix Vg7 at 12.5 volts, set RF drive level and vary 
the control voltage from 0 to 12.5 Volts. As designed, the 
module exhibits a gain control range. greater than 35 dB 
using the method described above. | 


- Top View 


(4x 4x 0.5 INCH ALUMINUM BASE) 
~ FLANGE GROUND 


SEE CROSS 
SECTION VIEW 


RE | C3 C6 RF 
INPUT : ~— QUTPUT | 
(LINE WIDTH = 0.177") (LINE WIDTH = 0.177") 


Cross Section View 
| | 0.0625” THICK : 
"pe — TEFLON FIBERGLASS — 


pe Vcont st QUTPUT i = 2.55) 
a 


INPUT. \ 


C1, C2, 


C4, C5 = 


Bring capacitor leads through fiberglass board and solder to 
Vs1 and Vcont lines as close to module as possible. 


Figure 15. Test Fixture Construction | 


Figure 14. Test Fixture Assembly 


Decoupling 


Due to the high gain of each of the three stages and 
the module size limitation, external decoupling networks 
require careful consideration. Both Pins 2 and 3 are inter- 
nally bypassed with a 0.018 uF chip capacitor which is 
effective for frequencies from 5 MHz through 960 MHz. 


_ For bypassing frequencies below 5 MHz, networks equiv- 


alent to that shown in the test fixture schematic are rec- 


- ommended. Inadequate decoupling will result in spu- 


rious outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


Load Mismatch Stress 
During final test, each module is load mismatch stress 


tested in a fixture having the identical decoupling net- 


work described in Figure 1. Electrical conditions are Vs1 
equal to 16 volts, load VSWR 30:1 and output emer 
equal to 7.5 watts. 


| Mounting Considerations 


To insure optimum heat transfer from the flange to 


heatsink, use standard 6-32 mounting screws and an 


adequate quantity of silicone thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly beneath 
the module flange should be flat to within 0.0015 inch. 
For more information on module mounting, see EB-107. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


sa SEMICONDUCTOR = 
TECHNICAL DATA | 


The RF Line | _ - it ; MHW812A3 
UHF Power Amplifier | | 


. designed fot 13 Volt UHF power Sedpliner applications i in industrial and eommenetal a ee 
FM equipment operating from 870 to 950 MHz. | | HIGH GAIN RF POWER 


® Specified 13 Volt, UHF Characteristics _ AMPLIFIERS © 
Output Power = 12 Watts  T2WATTS 
Minimum Gain = 20.8dB. 870-950 MHz | 
Harmonics = —42 dBc Max (2f9) , : 

: —60 dBc Max (3fg and Higher) 

50 © Input/Output Impedances 

Guaranteed Stability and Ruggedness 

Features Three Common-Emitter Gain Stages 

Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 

Gold-Metallized and Silicon Nitride-Passivated Transistor Chips . 

Controllable, Stable Performance Over More Than 35 dB Range in Output Power 


CASE 301H-03, STYLE 2 


MAXIMUM RATINGS 


ca SE 
es cee 
fa SEES 


~ Characteristic 
Frsquchicy pages 


Power Gain... 


Efficiency (1) . n - 45 % 
(Pout = 12 W) : a 


Harmonic Output (1) 2fo 
(Pout = 12 W Reference) 3fg and Higher 


Input VSWR (1) 
(Pout = 12 W, 50 2 Reference, Reflected Signal Filtered to 
Eliminate Harmonic Content) 


(1) Pin = 100 mW; adjust Vcont for specified Pout. . | RA | (continued) 


MOTOROLA RF DEVICE DATA 
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MHW812A3 


ELECTRICAL CHARACTERISTICS — continued 
(Flange Temperature = 25°C, 50 2 system, and Vg1 = 13 V unless otherwise noted) 


Power Degradation (—30 to +80°C) (1) 
(Reference Poyt = 12 W @ Tc = 25°C) 


Load Mismatch Stress (1) 
(Vs1 = 16 Vdc, Poyt = 13 W, VSWR = 30:1, 


all phase angles) - 


Pout Max = 13 W) (2) ie 
Quiescent Current @ Vcont = 12.5 V ICont 


(ICont with no RF drive applied) 


Control Voltage Pin = 100 mw 
Control Current Pout = 12W_ VCont = 12.5 V 


(1) Pin = 100 mW; adjust Vcont for specified Poyt. 
(2) Combination of Pin, Vs1, and VCont can not exceed max Poyt = 15 W.. 


MHW812A3 INTERNAL DIAGRAM 


~~ QUTPUT 
POWER 
METER 


-INPUT* = REFLECTED 


POWER POWER 
METER = METER 


FIXTURE 
DIAGRAM 


No degradation in Power Output 


aera Fin = ioe ey Lineey eiaag Vde, All spurious outputs >70 dB below 
Cont = 0 to 12. c, Loa Ze eene desired output signal level 


SPECTRUM - 
ANALYZER 


20 dB 
ATTENUATOR 


INPUT 0-125Vde + 13Vde OUTPUT a 


20 dB DUAL DIRECTIONAL Sauna ona 20 dB DUAL DIRECTIONAL 
COUPLER » | COUPLER 
A pap) Z1, 22 — 50 © MICROSTRIP | 
(ean C1,C4—1 pF 
10 dB RF SIGNAL ; C2, C5— 0.1 uF POWER 
MINIMUM GENERATOR C3, C6 — 0.018 uF TERMINATION 
ATTENUATION : 


*Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 


Figure 1. UHF Power Amplifier Test System Diagram 
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MHW812A3 


TYPICAL CHARACTERISTICS 


(M) H3MOd LNdLNO Mg 


(%) AONAIOI443 “4 UMSA LNdNI 


(OPA) SDVLIOA TOHLNOD 3409, 


- Pin, INPUT POWER (mW! 


Figure 3. Output Power versus Input Power 


f, FREQUENCY (MHz) 
Figure 2. Control Voltage, Efficiency and VSWR 


~ versus Frequency 


oS 
wv 
+ 


fm] Oo So fom) oS 
oo N _ - 
ee | 


(wap) YaMOd LNdLNO Mg 


Vonte CONTROL VOLTAGE (Vdc) 


f, FREQUENCY (MHz) 


Figure 5. Output Power versus Frequency 


| Figure 4. Output Power versus Control Voltage 


o +t nN oO Oo BO FN © 
Se 


13 V 


0.1 W 


VCont set for Poyt = 12W @ Tce = 25°C 


Vs1 


canine 


(9PA) SDVLIOA TOULNOD 4°9A 


Tc, CASE TEMPERATURE (°C) 


+60 +80 +100 


Tc, CASE TEMPERATURE (°C) 


Figure 6. Control Voltage versus Case Temperature 


Figure 7. Output Power versus Case Temperature 
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MHW812A3 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the following 

nominal conditions: (Poyt = 12 W, Vs1 = 13 Vdc). This 

~ module is designed to have excess gain margin with rug- 

gedness, but operation outside the limits of the published 

specifications is not recommended unless prior com- 

" munications regarding the intended use have been made 
with a factory representative. 


Gain Control 


In general, the module output power should be limited 
‘to 13 watts. The preferred method of power output con- 
trol is to fix Vg1 at 13 volts, set RF drive level and vary 
the control voltage from 0 to 12.5 Volts. As designed, the 
module exhibits a gain control range greater than 35 dB 
using the method described above. 


_ Top View 


(4x 4x 0.5 INCH ALUMINUM BASE) 
FLANGE GROUND 


SEE CROSS 
SECTION VIEW 


RF m 3s C3 C6 = RF 
INPUT OUTPUT 
(LINE WIDTH = unr (LINE WIDTH = 0.177") 


| Cross Section View 


0.0625” THICK 
pe TEFLON FIBERGLASS 


Vet 
OUTPUT {er = 2.55) 
f 


RF VCont 
INPUT \. \ 


VL dA hdd daha d AAAAALAA A buakcberdAdbgh dh Ld Aidckih ube Abebababdehdtbid. fer ei Lil iti fis 


C1, C2, ° C4,C5 


Bring capacitor leads through fiberglass board and solder to 
Vs1 and VCont lines as close to module as possible. 


Figure 9. Test Fixture Construction 


Figure 8. Test Fixture Assembly 


Decoupling 


Due to the high gain of each of the three stages and 
the module size limitation, external decoupling networks 
require careful consideration. Both Pins 2 and 3 are inter- 
nally bypassed with a 0.018 uF chip capacitor which is 
effective for frequencies from 5 MHz through 960 MHz. 
For bypassing frequencies below 5 MHz, networks equiv- 
alent to that shown in the test fixture schematic are rec- 
ommended. Inadequate decoupling will result in spu- 
rious outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


Load Mismatch Stress 


During final test, each module is load mismatch stress 
tested in a fixture having the identical decoupling net- 
work described in Figure 1. Electrical conditions are V1 
equal to 16 volts, load VSWR 30:1 and output power 
equal to 13 watts. 


Mounting Considerations 


To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an ~ 
adequate quantity of silicone thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly beneath 
the module flange should be flat to within 0.0015 inch. 
For more information on module mounting, see EB-107. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA | | | | a 
= SEMICONDUCG | 
TECHNICAL DATA ae : ee 


_ MHW820-1 — 
_ MHW820-2 
_ MHW820-3 


The RF Line 18/20 W — 806-950 MHz. 
or RF POWER: 
Fece ; AMPLIFIERS 
- UHF POWER AMPLIFIERS | ae ak — 
... designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating from 806 to 
950 MHz. | . 
@ MHW820-1 806-870 MHz 
_ MHW820-2. 806-890 MHz 
-MHW820-3 870-950 MHz ee 
» Specified 12.5 Volt, UHF Characteristics . 
Output Power = 20 Watts. (MHW820-1,2) 
: . = 18 Watts (MHW820-3) 
Minimum Gain = 19 dB (MHW820-1,2) 
_ = 17.1 dB (MHW820-3) 
Harmonics = —58 dBc Max 
50 (2 Input/Output Impedances 
Guaranteed Stability and Ruggedness 


Features Three Common-Emitter Gain Stages. _ 


mosf——| | 
rid f; 


oO2n 


Thin-Film Hybrid Construction Gives Consistent Performance eeeel : [+[oar008 © [1] s ©] 
and Reliability [4025 0010 © [+] ] 


Gold-Metallized and Silicon Nitride-Passivated Transistor 
Chips a 


Controllable, Stable Performance Over More Than 30 dB 


Pon 
Range in Output Power. STYLE 1: 
PIN 1. RF INPUT 
2.°+DC 
3, +DC 
4, +DC 


5. RF OUTPUT 


NOTES: ee 2) 
1. DIMENSIONING AND TOLERANCING PER ANSI; 
--Y14.5M, 1982. 

‘2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION F TO CENTER OF LEADS. 


MAXIMUM RATINGS (Flange Temperature = 25°C) . 


[BC Sippy Vokaoes «dW Vana | 18 
PAF input Power(PourS2swi | in 
RF Output Power (Pi, <400 mW) 


3 


17.78 BSC. 0.700 BSC 
12.70: BSC 0.500 BSC 


CASE 301G-03 


MOTOROLA RF DEVICE DATA 


K.101 © 


MHW820-1, mENoelS MHW620-3 


ELECTRICAL SrRAGT ESCs (Flange Rermperewiss 25°C, 50 0) system: and Vs1 =Vs2= 12.5 V unless otherwise noted) 


Characteristic Symbol | win] ve [Mx [ue | 


Frequency Range =... MHW820-1 BW 806 870 MHz 
it ee eee MHW820-2 806 — 890 
MHW820-3 870 —_ 950 


Input Power (Pout = 20 W) MHW820-1, 2 
(Pout = 18 W) - MHW820-3. 
Power Gain (Pout = 20 W) ~ MHW820-1, 2 

(Pout = 18 W) | MHW820-3 
Efficiency (Poyt = 20 W) MHW820-1, 2 
(Pout = .18 W). “ MHW820-3 
Harmonic Output | 
(Pout Reference = Rated Pout) 


Input VSWR 
(Pout = Rated Pout: 50 0, Reference) 


Power Degradation (—30 to +80°C) 
(Reference Pout: = Rated Poyt @ Tc = 25°C) 
Load Mismatch Stress. 
(Vs1 = Vg2:= Vs3. = 16 Vdc, Pout = 25 W, VSWR = 30:1, 
all phase angles) =. 
Stability (Pj, = 0 to 250 mW, [MHW820-1, 2] or 350 mW 


[MHW820-3] consistent with max, Poyt = 25 W, Vs1 = Ail non-harmonic related spurious outputs 
Vs2 = Vs3 = 10 to 16 Vdc, Load VSWR = 4:1) 2 70 dB below the desired output signal level 


Quiescent Current | mA 
(Is, with-no RF drive applied) . 


No degradation in Power Output 


FIGURE 1 — 806-950 MHz TEST SYSTEM DIAGRAM ~ 


MHW820 Internal Diagram 


~ MHW820 
Test 
Fixture 
Diagram 


Vs1 Vs2 a Vs 
+12.5 Vdc @0.45A + 12.5 Vdc @ 1.25A +12.5 Vde @ 3.2 A 
(Typical) . | (Typical) _ ~ (Typical) 


10dB 500 - 
Attenuator Termination 
ac nek * ; Z1, Z2—.50 Q Microstrip | 
- C1, C4, C7 — 1.0 pF 


Signal C2, C5, C8— 0.1 pF es = 
- Generator C3, C6, C9 — 0.018 wF 


MOTOROLA RF DEVICE DATA 
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MHW820-1, MHW820-2, MHW820-3 


TYPICAL PERFORMANCE CURVES 


(MHW820-1, 2) 


FIGURE 3 — OUTPUT POWER versus INPUT PO 


FIGURE 2 — INPUT POWER, EFFICIENCY 
AND VSWR versus FREQUENCY 
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FIGURE 5 — EFFICIENCY versus SUPPLY VOLTAGE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | 
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V53 = 


Pin SET. FOR Pout 


@ Vsj = Vs2 


(M) HAMOd LNdLNO Pg” 


Vs1. Vs2. Vs3, SUPPLY VOLTAGE i 


Vs, Vg2, Vs3, SUPPLY VOLTAGE (Vdc) 


FIGURE 6 — OUTPUT POWER versus SUPPLY VOLTAGE 


TO FIRST STAGE (Vs1) 


FIGURE 7 — INPUT POWER versus CASE TEMPERATURE 


V3 = +12.5 Vde 


= 
2 
re] 


Vs1 = Vs2 


= 
=) 
] 


+12.5 Vde 


Vs3 = 


@ Voq = +12.5 Vde 


Vs2 


(M) Y3MOd LNdLNO 2%q 


Tc, CASE TEMPERATURE (°C) 


Vs}, SUPPLY VOLTAGE (Vdc) 


MOTOROLA RF DEVICE DATA 
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MHW820-1, MHW820-2, MHW820-3 


TYPICAL PERFORMANCE CURVES 


3). 


(MHW820 


FIGURE 8 — INPUT POWER, EFFICIENCY AND 


FIGURE 9 — OUTPUT POWER versus INPUT POWER 


VSWR versus FREQUENCY 
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FIGURE 10 — OUTPUT POWER versus 


FIGURE 11 — EFFICIENCY versus SUPPLY VOLTAGE 
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SUPPLY VOLTAGE © 


= +12.5 Vde 


=Vs3 


@ Vs1 = Vs2 


: Pin set for Pout =18.W 


= +12.5 Vde - 


= Vs3 


@ Vs1 = Vs2 


(M) HaMOd LNd ino 7g 


Vs1, Vs2, Vs3, SUPPLY VOLTAGE (Vdc) 


Vs1. Vs2. Vg3, SUPPLY VOLTAGE (Vdc) 


MOTOROLA RF DEVICE DATA 
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MHW820-1, MHW820-2, MHW820-3 


APPLICATIONS INFORMATION _ 


Nominal Operation — 
All electrical specifications are based on the following 
nominal conditions: (Pout = = Rated, Vs1. = Vs2 = Vs3 
= 12.5 Vdc). This module is designed to have excess 
gain margin with ruggedness, but operation outside the 
limits of the published specifications is not recom- 
mended unless prior communications regarding the in- 
tended use has pean made with a factory mepleserite 
tive. 


Gain Control As 
This module is designed for wide range Poyt level 
control. The recommended method of power output 


control, as shown in Figure. 3.and 9, is to fix Vg1, Vs2, _ 


and V.53 at 12.5 Vde and vary the input RF drive level 
at Pin 1. 

A second method of output control is to adjust the 
supply voltage (Vg1 independently or Vs1, Vs2, and Vs3 
simultaneously). However, if any of these voltages fall 
out of the range from 10 to 16 volts module stability 
cannot be guaranteed. Typical ranges of power output 
control using» this. method are shown in Figures 4, 6, 
and 10. 


In all apolicauone. the module output power should | 


be limited to 25. watts. 


FIGURE 12 — TEST FIXTURE ASSEMBLY 


Decoupling 

Due to the high gain of dath of the two stages and the 
module size limitation, external decoupling networks 
require careful consideration. Pins 2, 3 and 4 are internally 
bypassed with 0.018 uF chip capacitors which are effec- 
tive for frequencies from 5 MHz through 950 MHz. For 
bypassing frequencies below 5 MHz, networks equivalent 
to that shown in the test fixture schematic are recom- 
mended. Inadequate decoupling will result in spurious 


outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


FIGURE 13 — TEST FIXTURE CONSTRUCTION 
_TOP VIEW 


(4 x 4 x 0.5 inch Aluminum Base) 


See Cross 
Section View 


$ RF 
_ RF Output 
Input I (Line Width 
(Line Width =0.177”") C3 C6 C9 ~= 0.177”) 
CROSS SECTION VIEW - 0.0625” Thick 
RF Vs3 Vs2 Vs RF Teflon — Fiberglass 
Output Input (er = 2.55) 


C1, C2, C4, C5, C7, C8 


Bring capacitor leads through fiberglass board and solder to Vs1. 
Vs2, and Vg lines as close to module as possible. 
To insure optimum heat transfer from flange to heatsink, use 
standard 6-32 mounting screws and an adequate quantity of 
silicon thermal compound (e.g., Dow. Corning 340). With both | 
mounting screws finger tight, alternately torque down the 

~ screws to 4-6 inch pounds. 


Load Pull 

During final test, each module is ‘‘load pull” tested in 
a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vs1, Vs2 and 
Vs3 equal to 16 volts output, VSWR 30:1. and output 
power equal to 25 watts. 


Mounting Considerations : 

To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an. 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be- 
neath the module flange should be flat to within 0.002 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


~MOTOROLA RF DEVICE DATA. | 
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MOTOROLA 


mz SEMICONDUCTOR & 


TECHNICAL DATA 


a The RF Line 2S 


LOW DISTORTION WIDEBAND AMPLIFIERS — 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use as return amplifiers 
for mid-split and high-split 2-way cable TV systems. Features all 


gold metallization system. 


Guaranteed Broadband Power Gain @ f = 5.0-200 MHz 
Guaranteed Broadband Noise Figure @ f = 5.0-175 MHz 
Superior Gain, Return Loss and DC Current Stability with 


Temperature 
All Gold Metallization 


fr's 


All lon-Implanted Arsenic Emitter Transistor Chips with 7.0 GHz 


® Circuit Design Optimized for Good RF Stability Under High 


VSWR Load Conditions 


@ Transformers Designed to Insure Good Low Frequency Gain 
Stability versus Temperature 


ABSOLUTE MAXIMUM RATINGS 
= Rating 

RF Voltage Input (Single Tone) 

DC Supply Voltage. 


Operating Case Temperature Range — 


Storage Temperature Range 


Symbot[ Value 


5-196 


MOTOROLA RF DEVICE DATA 


MHW1134 


MHW1184 
MHW1244 


13.0 dB 
18.5 dB 
22.0 dB 
24.0 dB 


~ §.0-200 MHz 
CATV HIGH-SPLIT 


MHW1224 — 


REVERSE AMPLIFIERS 


STYLE 1: 
PIN 1. RF INPUT 


NOTES: :. 


1. DIMENSIONING AND TOLERANCING PER ANS! 
- Y14.5M, 1982. = 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS - 


26.42 

20.57 | 21.34 1 0.810 

0.46 0.56 | 0.018 

11.81 | 12.95 | 0.465 | 0.510 
8.25 | 0.300 | 0.325 


0. 
— [151 
38.10 BSC 


ra 0.59: 
1,500 BSC 


~ §08BSC |  0.200BSC | 
7.11BSC_ | 0.280BSC__| - 


[11.05 [| 11.43 | 0.435 | 0.450 | 


2. GROUND 
3. GROUND 
4. DELETED 
5. VDC 

6. DELETED 
7. GROUND 
8. GROUND 
9. RF OUTPUT 


MHW1134, MHW1184, MHW1224, MHW1244 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 system) 


MHW1134/ MHW1184) 


Characteristic 


Cable Slope Equivalent (5.0-200 MHz) —0.2 Min/+0.8 Max 
Gain Flatness (5.0-200 MHz) as ieee +0.2Max 
Input/Output Return Loss (5.0-200 MHz) Note 1 IRL/VORL 18.0 Min 


Cross Modulation Distortion @ +50 dBmV per ch. 
12-Channel FLAT (5.0-120 MHz) 
22-Channel FLAT (5.0-175 MHz) Notes 2 and 3 
26-Channel FLAT (5.0-200 MHz) 


Composite Triple Beat Distortion @ +50 dBmV per ch. 
22-Channel FLAT (5.0-175 MHz) Notes 2 and 3 
26-Channel FLAT (5.0-200 MHz) 7" 


Individual Triple Beat Distortion @ +50 dBmV per ch. 
Mid-Split (5.0-120 MHz) T11, T12 and CH2 @ 123.25: MHz 
High-Split (5.0-175 MHz) T13, CH2 and CH5 @ 175.5 MHz 


Second Order Distortion @ +50 dBmvV per ch. 
High-Split (5.0-175 MHz) CH2, CHA @ 176.5 MHz 
Noise Figure » ; ofa 


High-Split (5.0-175 MHz) Note 2 oe 


NF 
DC Current (Vpc = 24 +0.5 Vde, Tc = 30°C) 


1. Response and return loss characteristics are tested and guaranteed for the full 5.0-200 MHz frequency range. 


2. Motorola 100% distortion and noise figure testing is performed over the 5.0-175 MHz frequency range. Cross modulation and composite triple 
beat testing are with 22-channel loading; Video carriers used are: ee 


T7-T13 7.0-43.0 MHz 7-Channels 
2-6 55.25-83.25 MHz 5-Channels __, 
A-7 . 121.25-175.25 MHz 10-Channels 


3. Video carriers used for 12-Channel typical performances are T7-6; For 26-Channel typical performance, Channels 8, 9, 10 and 11 are added to the 
22-Channel carriers listed above. 


~ MOTOROLA RF DEVICE DATA 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


- MHW1171R 


- MHW1172R 


The RF Line 


NEGATIVE SUPPLY VOLTAGE 
| = oe oe CATV TRUNK AMPLIFIERS 
LOW DISTORTION WIDEBAND AMPLIFIERS | ee 


... designed specifically for broadband applications requiring !ow | 
distortion characteristics. Specified for use as CATV trunk-line 
_amplifier operating from a —24 Vdc supply. Features all gold metalli- 

zation system. vi get Pe 


Broadband Power Gain — @ f.= 40-300 MHz 
Gp=17dB (Typ) | 


Broadband Noise Figure eS @f= 300 MHz | 
NF = 6.5 dB (Typ) © 


Superior Gain, Return Loss and DC Current Stability 
with Temperature 


Q2n. 


0] 6025 (0010) © |t[ F@[a® 


All Gold Metallization 


STYLE 1: [0 ].40.25 0010) ® [tT] 4 @| 
PIN 1. RF INPUT 
. GROUND 
. GROUND 
, VOC 
_ DELETED 
. DELETED 
. GROUND 
. GROUND 
_ RF OUTPUT 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


ABSOLUTE MAXIMUM RATINGS 


RF Voltage Input (Single Tone) dBmvV 
DC Supply Voltage Vde 
Operating Case Temperature Range °C 
Storage Temperature Range a @ 


0.165 BSC 
0,100 BSC 
0.168 


1.500 BSC 
0.300 BSC 
7.11 BSC 0.280 BSC 


[11.05 | 11.43 | 0.435 | 0.450 | 
CASE 714C-04 


MOTOROLA RF DEVICE DATA 


5-198 


MHW1171R, MHW1172R 


ELECTRICAL CHARACTERISTICS (Vpp = 24 Vdc, Ta = +25°C unless otherwise noted) 


Characteristic | 


‘| Return Loss — Input/Output . 

(Z9 = 75 Ohms) | ey ett 
Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., Ch2, 13, R) 
MHW1171R 
MHW1172R 


Cross Modulation Distortion 
(Vout = +50 dBmvV per ch.) 
MHW1171R... 12 Channel FLAT 

+. 24 Channel FLAT 


~-30-Channel FLAT 
~ 35 Channel FLAT 

MHW1172R 12 Channel FLAT 
21 Channel FLAT 

30 Channel. FLAT 

35 Channel FLAT 


Composite Triple-Beat 
(Vout = +50 dBmV per ch.) © 
MHW1171R 12 Channel FLAT 

21 Channel FLAT 

30 Channel FLAT 

fet 35 Channel FLAT 
~_MHW1172R 12 Channel FLAT 
eS 21 Channel FLAT 

30 Channel FLAT 

35 Channel FLAT 


Noise Figure 
(f = 300 MHz) 
MHW1171R 
MHW1172R 


~DC Current 
(Voc = 24 +0.5 Vdc) 
MHW1171R 
MHW1172R 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


fa SEMICONDUCIG: yyy 
TECHNICAL DATA MHW1343 


MHW1344 


bopper estas! 


34 dB GAIN» 
TWO-SECTION CATV 
LINE-EXTENDER AMPLIFIERS 


LOW DISTORTION WIDEBAND AMPLIFIERS 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. Features all-gold metallization system. 

Accessible Interstage for Gain and Tilt Control Circuitry 

Phase Inversion Possible with Dual Output Pins 


Broadband Power Gain — 
Gp = 34 dB (Typ) @ f = 40-300 MHz, 2 X 17 dB Gain Stages 


Broadband Noise Figure — ; 
NF = 4.0 dB (Typ) @ f = 300 MHz | 


Superior Gain, Return Loss and DC Current Stability 
With Temperature 


xz 
2 
oven 


. REIN 
GROUND 
GROUND 
RF OUT 
VDC 
RF IN 
GROUND 
GROUND 
RF OUT 


All-Gold Metallization 


BON OnPwWh 


ABSOLUTE MAXIMUM RATINGS : ; 
: : 1. MOUNTING HOLES WITHIN 0.25 mm (0.010) DIA OF 
Raang oymbol Yaule TRUE POSITION AT MAXIMUM MATERIAL CONDITION. 
RF Voltage Input (Single Tone) dBmV 


DC Supply Voltage 


Operating Case Temperature Range 


— | 
al 
Ais 
on 


Storage Temperature Range 


o|o 
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1143 | 
CASE 714B-03 


MOTOROLA RF DEVICE DATA 


5-200 


MHW1343, MHW1344 


ELECTRICAL CHARACTERISTICS (Vpp = 24 Vdc, Ta = +25°C unless otherwise noted) 


Gain Flatness 


Return Loss — Input/Output 
(Zg = 75 Ohms) 


Second Order Intermodulation Distortion. 
Vout = +48 dBmV per ch., Ch 2, 13, R) 
Cross Modulation Distortion 
(Vout = +48 dBmV per ch.) 
12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
- 35 Channel FLAT 


Composite Triple Beat 
(Vout = +48 dBmV per ch.) 
12 Channel FLAT =.” 
21 Channel FLAT. ° 
30 Channel FLAT. | 
35 Channel FLAT 


Noise Figure 
(f = 300 MHz) 


DC Current 
(Vpc = 24 +0.5 Vdc, Tc = 30°C) 


5 Voc © 
O : 


o 9,8" ‘* Pin 8 or Pin 9 must be grounded. 


Modul Output Phase Output Phase : 
ae? we E of First Stage of Second Stage 


Inverted Inverted | In Phase 
Inverted 


MHW1343 
_LMHW1344 


_ In Phase In Phase - ae 


~ tReference phase is signal into Pin 1. a 
ttReference phase is signal into Pin6. 


OC and RF Ground Gnd 


MOTOROLA RF DEVICE DATA 
5-201 


MOTOROLA | 
a SEMICONDUCTOR OI 
TECHNICAL DATA 


MHW3171 
MHW3172 


The RF Line 


17 dB GAIN 
330 MHz 


- 40-CHANNEL — 
| CATV INPUT/OUTPUT 
LOW DISTORTION WIDEBAND AMPLIFIERS TRUNK AMPLIFIERS 


... designed for broadband applications requiring low-distortion ~ 
characteristics. Specifically intended for CATV.-market requirements. 
Features ion-implanted arsenic emitter transistors with 6.0 GHz ff, 
and an all gold metallization system. - 
—  @ Broadband Power Gain =e = 40-330 MHz 
Gp = 17.2 dB (Typ) @ 50 MHz 
@ Broadband Noise Figure — @ f = 330 MHz 
ae NF = 5.5 dB (Typ) MHW3171 
f= 6.5 dB (Typ) MHW3172 
@ Superior Gain, Return Loss and DC Current Stability with 
. Temperature | 
@ All Gold Metallization 


fm 632UNC-28 2 PL 
4] 40.25 50.010) @ [2 


[4025 0010 @ [Tt 


STYLE 1: 
PIN 1. RF INPUT 
io . 2. GROUND 
. er . “3 ; NOTES: 3. GROUND 
ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANSI p OEE TED 
: Y14.5M, 1982. ; 


Rating = 901 | 2. CONTROLLING DIMENSION: INCH. Se CUE 


RF Voltage Input (Single Tone) a f : Sone 


DC Supply Voltage 


INCHES 
MIN | MAX | 


Operating Case Temperature Range 


1.040 


21.34 | 0.810 


Storage Temperature Range 


2.54 BSC 0.100 BSC 
3.96 BSC 0.156 BSC 
8.00 | 8.50 | 0315 | 0.356 | 
25.40 BSC 1,00 BSC 
4.19 BSC 0.165 BSC 
2548SC__| 0.100 8SC | 
3.76 | 4.27 | 0.148 | 0.168 
rR | — [i151 { — [0595 | 
5 38.10 BSC 1.500 BSC 


lu 503BSC_ | 0200BSC_| 
Vv 7.11 BSC 0.280.BSC 
W | 14.05 | 11.43 | 0.435 | 0.450 


CASE 714-04 


iM 
A 
B 
C 
["p 
E 
[eT 7, 0.300 
G 
[J 
[kK 
L 
N 
P 
a 


MOTOROLA RF DEVICE DATA | 


9-202 


MHW3171, MHW3172 


ELECTRICAL CHARACTERISTICS ( (Vcc = 24 Vdc, Ta = +25°C, 75 0 ain unless otherwise noted) 


- Gain Flatness. 


Return Loss — input Output L 18 
(Zg = 75 Ohms) , 

Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch.) 
Cross Modulation Distortion 35-Channel FLAT 
(Vout = +50 dBmV per ch.) 40-Channel FLAT. 
Composite Triple Beat === ~~ 35-Channel FLAT 
(Vout = +50 dBmV per ch.) 40-Channel FLAT 
Noise Figure = | 
(f = 330 MHz) ~ 
DC Current ~~ 

(Voc = 24 +05 Vde, Tc = 30°C) 


—_ 
foe] 
* : 


if | 
o1 oi ol 
“oO a=) 


MOTOROLA RF DEVICE DATA | 
5-203 


MOTOROLA | 
= SEMICONDUCTOR MHW3181 


MHW3182 


TECHNICAL DATA 


. The RF Line : | 
ae = 18 dB GAIN 
330 MHz — 


oe 40-CHANNEL 
LOW DISTORTION WIDEBAND AMPLIFIERS CATV INPUT/OUTPUT 
j TRUNK AMPLIFIERS 


. designed for broadband applications requiring low-distortion 
sharacterisuics: Specifically intended for CATV market requirements. 
Features ion-implanted arsenic emitter transistors with 6.0 GHz fT, 
and an all gold metallization system. 


@ Broadband Power Gain — @ f = 40-330 MHz 
Gp = 18.2 dB (Typ) @ 50 MHz 
@ Broadband Noise Figure — @ f = 330 MHz 
NF = 5.2 dB (Typ) MHW3181 
= 6.2 dB (Typ) MHW3182 
e Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ All Gold Metallization 


632UNC-2B 2 PL 
[4][¢025 0010 @ [z(t] a @] 


EES 


Di [¢{o025 (0010) © [tT] A® 


STYLE 1: 
PIN 1. RF INPUT 
2. GROUND 
NOTES: 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 
Y14.5M, 1982. 5. VOC 
Rating Unit 2. CONTROLLING DIMENSION: INCH. : ait 
i 8. GROUND 
RF Voltage Input (Single Tone) dBmV veces 


DC Supply Voltage aes Vde 
20 to +100 | MILLIMETERS INCHES _| 
MIN 


Operating Case Temperature Range —20 to +100 °C 


Storage Temperature Range —40 to +100 "e 


0.100 BSC 
0.156 BSC 


0.315 | 0.355 


1.00 BSC 


0.280 BSC 
0.435 | 0. 450_| 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-204 


MHW3181, MHW3182 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 0 system unless otherwise noted) 


ht Gee y Characteristic 


Gana | Pot [soz | 6 


Return Loss — Input/Output IRL/ORL 
~ (Zg = 75 Ohms) . 7 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV perch.) _ 


Cross Modulation Distortion 35-Channel FLAT XMD35 —58 

(Vout = +50. dBmV per ch.) - 40-Channel FLAT XMDag —57 
Composite Triple Beat 35-Channel FLAT | 
(Vout = +50 dBmV per ch.) - 40-Channel FLAT. 
Noise Figure: — 
(f = 330 MHz) - 
DC Current a 
(Vpc = 24 +0.5 Vde, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 
5-205 


MOTOROLA 
ae SEMICONDUCTOR 


TECHNICAL DATA ———— MHW3222 


(22 dB GAIN 


330 MHz 


LOW-DISTORTION WIDEBAND AMPLIFIER | | — 40- CHANNEL > 
| CATV TRUNK AMPLIFIER 


. designed for broadband applications requiring low-distortion 
characteristics. Specifically intended for CATV market requirements. 
Features ion-implanted arsenic emitter transistors with. 6.0 GHz fT, 
and an all gold metallization system. 


@® Broadband Power Gain — @ f = 40-330 MHz 
Gp = 22 dB (Typ) 


@® Broadband Noise Figure — @ f = 330 MHz 
NF = 5.0 dB (Typ) 


@ Superior Gain, Return Loss and DC Cufrent Stability with 
Temperature 


@ All Gold Metallization 


$/ 60.25 (0.010) © 


6-32UNC-2B 2 PL 
4] 6025 0.010) ® [2 


Dre [e] 6025 10.010) @ [tT] A ® 


STYLE 1: 
PIN 1. RF INPUT 
2. GROUND 
NOTES: 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 


5. VDC 


Y14.5M, 1982. es re . 

: i 2. CONTR “INCH. pete tae 

| Rating Symbol CONTROLLING DIMENSION: INCH CE 
RF Voltage Input (Single Tone) corer 
pply g MILLIMETERS | INCHES 


Operating Case Temperature Range —20 to +100 MIN. | MAX [ MIN | MAX 


ike 
— | 4508 | — | 1.775 
Storage Temperature Range —40 to +100 


2 
= 


26.42 | 26.92 | 1.040 | 1.060 
| 20.57 | 21.34 | 0.810 | 0.840 | 
046 + 056 | 0.018 | 0.022 


11.81 | 12.95 | 0.465 | 0510 
7.62 8.25 | 0.300 | 0.325 | 


2.54 BSC 0,100 BSC 
3.96BSC | 0.156 BSC 
8.00 | 250 | 0.315 | 0.356 
25.40 BSC 1,00 BSC 
4.19 BSC 0.165 BSC 
2.54 BSC 0,100 BSC 
3.76 | 4.27 | 0.148 | 0.168 
— | 1511 | — | 0595 
38.10 BSC 1.500 BSC__| 
6.08BSC | 0.200 BSC 
7.11 BSC 0.280 BSC 


11.05 [ 11.43 [ 0.435 | 0.450 | 
CASE 714-04 


hicisie eral 


T 


SCM [1D | ere [KL I | T ([M ID 1- |w |e 


MOTOROLA RF DEVICE DATA 


5-206 


MHW3222 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 0 system unless ethenwise noted) 


ee ee 
a 
ema 
fee 


esol Ril la Wl 


Gain Flatness 


Return Loss — Input/Output 
(Zg = 75 Ohms) 


Second Order intermodulation Distortion 
(Vout = +50 dBmvV per ch.) 
Cross Modulation Distortion -- 35-Channel FLAT 
(Vout = +50 dBmvV per ch.) ~ 40-Channel FLAT 


Composite Triple Beat . 35-Channel FLAT 
(Vout =. +50 dBmvV per ch.) ~. 40-Channel FLAT | -- 

Noise Figure : 

(f = 330 Miz) 


DC Current. 2 
(Vpc = 24 +0. 5 Vac, Tc = 30°C) 


_ MOTOROLA RF DEVICE DATA 


5-207 


MOTOROLA 


= SEMICONDUCTOR sam 
TECHNICAL DATA 


_ MHW3342 


34 dB GAIN 
330 MHz 
—. 40-CHANNEL 


330 MHz CATV AMPLIFIER wi : CATV LINE EXTENDER 
: | sihece: ae ds AMPLIFIER 


... designed specifically for 330 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 6.0 GHz fT and an all 
gold metallization system. 


@ Specified for 40-Channel Performance: 


® Broadband Power Gain — @ f = 40-330 MH 
Gp = 34 dB (Typ) 


@ Broadband Noise Figure — @ f = 330 MHz 
NF = 4.5 dB (Typ) 


@ Superior Gain, Return Loss and DC Current Stability with 
Temperature 


® All Gold Metallization 


®@ 6.0 GHz lon-Implanted Transistors 


G32UNC-28 2 PL 
[4[ooz5 co © [2] tla @] 


STYLE 1: 
PIN 1. RE INPUT 
2. GROUND 
NOTES: 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1. SHEEN AND TOLERANCING PER ANSI su 
| Rating Unit 2. CONTROLLING DIMENSION: INCH. 4 Saute 
_ RF Voltage Input (Single Tone) dBmvV oN) 

DC Supply Voltage Vde 

Operating Case Temperature Range °C 

Storage Temperature Range =C 


25,40 BSC 
4.19 BSC 0.165 BSC 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-208 


MHW3342 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 Q system unless otherwise noted) 


Characteristic | 
. Frequency Range 


come! Gain — 50 MHz 


w 
= 


Gain Flatness 


Return Loss — Input/Output 
(Zo = 75 Ohms) 


-Second Order Intermodulation Distortion 
(Vout = +50 dBmvV per ch.) | 
Cross Modulation Distortion | 
(Vout = +50 dBmV per ch.) 


Composite Triple Beat . 
(Vout = +50 dBmV per ch.) 


Noise Figure 
(f = 330 ale 


DC Current: 
(Vpc = 24 iG. 5 Vde, Tc = 30°C) 


40-450 MHz 


IRL/ORL 


35-Channel FLAT 
40-Channel FLAT 
35-Channel FLAT. 
40-Channel FLAT 


MOTOROLA RF DEVICE DATA 


5-209 


MOTOROLA | 
TECHNICAL DATA MHW5122A 


12.5 dB GAIN 
450 MHz 


60-CHANNEL | 


450 MHz CATV AMPLIFIER CATV TRUNK AMPLIFIER 


... designed for broadband applications requiring low distortion 

characteristics. Specified for use as a CATV trunk-line amplifier. 
Features ion-implanted arsenic emitter transistors with 7.0 GHz 

fT, and all an gold metallization system. 

@ Specified for 53- and 60-Channel Performance 


© Broadband Power Gain — @ f = 40-450 MHz 
@ Broadband Noise Figure — @ f = 450 MHz 
NE = 8.0 dB (Typ) | 
@ Superior Gain, Return Loss and DC Current Stability with 
‘Temperature 
@ All Gold Metallization | 
_ @ 7.0 GHz lon-Implanted Transistors 


a2 


${ 60.25 (0.010) @ {T] F@}A@ 


G32UNC-2B 2 PL 


[4] 0025 10010 @ [z] 1] 4 @] 
Ge] j La 
ic 


[6025 0010 © [T[a @] 


STYLE 1: 
PIN 1. RF INPUT 
: : 2. GROUND - 
NOTES: 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 


5. VDC 


Y14.5M, 1982. 

Rating Symbol Unit 2. CONTROLLING DIMENSION: INCH. . eri 

. 8. GROUND 
RF Voltage Input (Single Tone) dBmV lpeaeta 
DC Supply Voltage +28 Vdc 


Operating Case Temperature Range —20 to +100 °C 
Storage Temperature Range © -—40 to +100 °C 


CASE 714-04 


- MOTOROLA RF DEVICE DATA 


5-210 


MHW5122A 


ELECTRICAL CHARACTERISTICS (Vcc es 24 Vde, TA = +25°C, 75 0 system unless otherwise noted) 


Gain Flatness 


Return Loss — Input/Output 
(Zo = 75 Ohms) 

Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch2, M13, M22) 


Cross Modulation Distortion — ~ 53-Channel FLAT 
(Vout = +46 dBmV per ch.) ~ . 60-Channel FLAT 


Composite Triple Beat ot 53-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CH'V.+ Q - P@W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 
Noise Figure : : “ oe 
(f = 450MHz) 
DC Current ad 
(Voc = 24 +0.5 Vdc, Tc = 30°C) 


*DIN (European Applications Only) 


NCTA Channel. Frequency DIN Output Level 
Designation (MHz) (dBmvV)** . 
: 7 | +59 
+59 
+65 


+65 
+58 


DIN Beat Level 
dB. Relative to Ref. Ch. 


Mo. +58 
M14 (Ref.) +64 
M15 +64 


7 eo +63 
"M21 (Ref.) . +63 
M22 +57 


M23 +57 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


| - 5-211 


MOTOROLA | 
= SEMICONDUCTOR xx 
TECHNICAL DATA 


450 MHz CATV AMPLIFIERS 


. . designed specifically for 450 MHz CATV applications. Features . 
ion-implanted arsenic emitter transistors 
all gold metallization system. 

@ Specified for 60-Channel Performance 


@ Broadband Power Gain — @ f = 40-450 MHz 


with 7.0 GHz f7 and an 


Gp = 14 dB (Typ) @ 50 MHz les 


14.5 dB (Min) @ 450 MHz 


@ Broadband Noise Figure @ 450 MHz 
NF = 7.0 dB (Max) MHW5141A 
8.0 dB (max) MHW5142A 


@ Superior Gain, Return Loss and DC Current Stability 
with Temperature a3 

@ All Gold Metallization ; 

@ 7.0 GHz lon-Implanted Transistors © 


ABSOLUTE MAXIMUM RATINGS 
Rating 

+70 

+28 


-—20 to +100 


RF Voltage Input (Single Tone) 
DC Supply Voltage 


ayaa 


Operating Case Temperature Range 
Storage Temperature Range 


MHW5141A 
-MHW5142A 


14 dB GAIN 
450 MHz 
60-CHANNEL 


CATV INPUT/OUTPUT — 
TRUNK AMPLIFIERS 


Qin 


[+] voz 000 © [7] F@[A@] 


G-32UNC-28 2PL 


[+] #025 1010 © [z|t] a @| 


STYLE 1: 
PIN 1. RF INPUT 
2, GROUND 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


3. GROUND 
4, DELETED 
5. VDC 

6. DELETED 
7. GROUND 
8. GROUND 
9. RF OUTPUT 


_— 
=~ 
aed 
an 


—_ 


eal heal 
3 |S 
(oS 


o 
nm 
Lon) 


baal peal bo 
sleie 
CO |S jo 


wl (2 ‘ : 
mln 183] 1S [ro Le SS [oo |r 
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=I 
bad s 
: ple leialS je le 
Bleei-(sisle 
2j715 nalic 
on Hic 
3 |D0 |B oo |o 
2|B|D|Zlo n\n 
alle? QIO 


MOTOROLA RF DEVICE DATA 


5-212 


MHW5141A, MHW5142A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +35°C, 75 2 system unless otherwise noted) 


Characteristic 
Frequency Range | Bw 
Power Gain — 50 MHz si: Gp | 
Power Gain — 450 MHz . —Sp_| + 
| Gain Flatness . Tr 


Betunn page — Input/Output 40-450 MHz IRL/ORL 


Second Brack ice nbdulatan Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 53-Channel FLAT » 
60-Channel FLAT 


Composite Triple Beat . 
(Vout = +46 dBmV per ch.) 53-Channel FLAT 


Sey 60-Channel FLAT 
DIN (European Applications Only)* 
300 MHz — (CH V +O — P@W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure 
(f = 450 MHz) 
DC Current 
(Vpc = 24 +0.5 Vde, Tc = 30°C) 


*DIN Eonar iio Only) 


| MHW5141A_—s| 


+59 
+59 
+65 
+65 


+58 
+58 
M14 (Ref.) : +64 
M15 : + 64 


M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB ~~ 


MOTOROLA RF DEVICE DATA | 


5-213 


MOTOROLA 
a SEMICONDUCTOR 
TECHNICAL DATA 


MHW5162A 


16.4 dB GAIN 
450 MHz 


60-CHANNEL 


450 MHz CATV AMPLIFIER CATV TRUNK AMPLIFIER 


: designed for broadband applications requiring low- 
distortion characteristics. Specified for use as a CATV trunk-line 
amplifier. Features ion-implanted arsenic emitter transistors 

_ with 7.0 GHz fT and an all gold metallization system. — 
@ Specified for 53- and 60-Channel Performance 


@ Broadband Power Gain — @ f = 40-450 MHz 

Gp = 16.4 dB (Typ) 

Broadband Noise Figure — @ f = 450 MHz 
NF = 8.0 dB (Typ) 

Superior Gain, Return Loss and DC Guiient Stability with 
Temperature 

All Gold Metallization 

7.0 GHz lon-Implanted Transistors 


Qn 


¥6025 000 © TLE®@|A® 


632UNC-2B 2 PL 
4] 602510010) @]2z|T] a @| 


thoi 
i ES 


#14025 0.010) ®[T] A @ 


STYLE 1: 
- PIN 1. REINPUT 
2. GROUND 
: . NOTES: 3. GROUND 
ABSOLUTE MAXIMUM RATINGS ; 1. DIMENSIONING AND TOLERANCING PER ANS! 4, DELETED 
Y14.5M, 1982. “5 MOC 


2. CONTROLLING DIMENSION: INCH. 6. DELETED 
7, GROUND 


8. GROUND 
9, RF OUTPUT 


RF Voltage Input (Single Tone) Noe Vite 
DC Supply Voltage © | Vee | 
Operating Case Temperature Range | te | -20 to +100 | 
Storage Temperature Range | : 


0.100 BSC 
0.156 BSC 
0.315 | 0.355 


0.165 BSC 
0.100 BSC 


1.500 BSC 
0.200 BSC 
0.280 BSC 
11.05° | 11.43 | 0.435 | 0.450 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-214 


MHW5162A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vde, Ta = +25°C, 75 0 system unless otherwise noted) 


Characteristic 


Frequency Range 
Power Gain — 50 MHz 


Return Loss — Input/Output - 40-450 MHz. 
(Zo = 75 Ohms) ; : 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) . 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout =. +46 dBmvV per ch.) 60-Channel FLAT 


Composite Triple Beat 53-Channel FLAT — 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CHV + Q — P @ W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21). 
Noise Figure — a | 
(f = 450 MHz) 
DC Current ip Soe 38 
(Vpc = 24 +0.5 Vdc, Tc = 30°C) 


*DIN (European Applications Only) 


M14 (Ref.) 
M15 


‘M21 (Ref.) - 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-215 


SEMICONDUCTOR 
ne 
TECHNICAL DATA ae | MHW5171A 


MHW5172A 


17 dB GAIN 
450 MHz > 


| | — 60-CHANNEL 
7 tie CATV INPUT/OUTPUT | 
450 MHz CATV AMPLIFIERS - | ds TRUNK AMPLIFIERS ~ 


... designed specifically for 450 MHz CATV. applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fT and an 
all gold metallization system. a 
® Specified for 53- and 60-Channel Performance 
@ Broadband Power Gain — @ f = 40-450 MHz 

Gp = 17.4 GB (Typ) 


@ Broadband Noise Figure 
NF = 7.0 dB (Max) MHW5171A 
8.0 dB (Max) MHW5172A 


e Superior Gain, Return Loss and DC Current Stability with 
Temperature ; 


@ All Gold Metallization 
® 7.0 GHz lon-Implanted Transistors 


STYLE 1: 
“PIN 1, RF INPUT 
2. GROUND 
NOTES: 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1, DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 
Y14.5M, 1982. 5. VDC 


Rating Symbol Unit 2. CONTROLLING DIMENSION: INCH. : ae 
RF Voltage Input (Single Tone) _ Vin | +70 | dBmv eon 
DC Supply Voltage | Veo | +28 | Vide 

| Tce |_| +2010 +100] 


+70 

+28 

Operating Case Temperature Range —20 to +100 aC 

Storage Temperature Range °C aii 20m 


0.56 
12.95 
8.25 


2.54 BSC 0.100 BSC 
3.76 4.27 | 0.148 | 0.168 
_ 19.11 = 0.595 


38.10 BSC 1,500 BSC 


5.08 BSC 0.200 BSC 
7.11 BSC 0.280 BSC 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-216 


MHW5171A, MHW5172A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 0 system unless otherwise noted) 


re Characteristic = 
'| Frequency Range ; . | . 
Power Gain — 50 MHz: es 


Slope ne ee 


Gain Flatness 


= 
ols |S 
Ro i<e) 


| I+ 
® o> °o 
1 | 
~J os 
& fb 


Return Loss — Input/Output 
(Z5 = 75 Ohms) 

Second Order intermodulation Distortion 

(Vout = +46 dBmV per ch., Ch 2, M6, M15) 

(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


- Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


Composite Triple Beat 53-Channel FLAT CTBs53 
(Vout = +46: dBmV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz —.(CH V + Q'— P @ W) 

400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure (f = 450 MHz) 


DC Current . eee IDC 
(Voc = 24 +0.5 Vde, Tc = 30°C) a 


*DIN (European Applications Only) — 


NCTA Channel Frequency DIN Output Level 
Designation (MHz) (dBmV)** 


40-450 MHz 


Hol 


’ DIN Beat Level 
- GB Relative to Ref. Ch. 


Mg 
M14 (Ref.) _ 
M15 


M21 (Ref.) 
M22 | 
M23 : +57 +59 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB. 


MOTOROLA RF DEVICE DATA 


5-217 


MOTOROLA 
mz SEMICONDUCTOR 
TECHNICAL DATA 


~The RF Line 


450 MHz CATV AMPLIFIERS 


... designed specifically for 450 MHz CATV applications. Features - 
ion-implanted arsenic emitter transistors with 7.0 GHz f7 and an 
all gold metallization system. | | 


@ Specified for 53- and 60-Channel Performance | 


@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 18.2 dB.(Typ) @ 50 MHz 
19.0 dB (Typ) @ 450 MHz — 


@ Broadband Noise Figure 
NF = 6.5 dB (Max) MHW5181A | 
“7.0 dB (Max) MHW5182A ~ 


-@ Superior Gain, Return Loss and DC Current Stability with 
Temperature _ 
® All.Gold Metallization . 
- ® 7.0 GHz lon-Ilmplanted Transistors 


ABSOLUTE MAXIMUM RATINGS — 4 | 
Rating | | Symbol | Value 
RF Voltage Input (Single Tone) 
DC Supply Voltage 
Operating Case Temperature Range 


Storage Temperature Range 


_ MOTOROLA RF DEVICE DATA 


5-218 


MHW5181A 
-MHW5182A | 


18 dB GAIN | 


450 MHz 


60-CHANNEL 
CATV INPUT/ OUTPUT 
“TRUNK AMPLIFIERS 


[402510010 @ [tT] A ® 


_ STYLE 4: 
PIN 1. RF INPUT 
; . 2. GROUND 
NOTES: - 3. GROUND 


_ 1. DIMENSIONING AND TOLERANCING PER ANSI 4. DELETED 


Y14.5M, 1982. 5. VDC 


2, CONTROLLING DIMENSION: INCH. 8. DELETED 
7. GROUND 


8. GROUND 
9. RF OUTPUT 


MILLIMETERS 


= 


0.100 BSC 
0.156 BSC__| 


: 0.315 | 0.355 


1.00 BSC 
0.165 BSC 
0.100 BSC 

0.148 | 0.168 


A |e (G3 | IM 1S | | co | 
4 


1,500 BSC 
0,200 BSC 


0435 | 0.450 | 
CASE 714-04 


MHW5181A, MHW5182A 


ELECTRICAL CHARACTERISTICS Wee = = 24 Vdc, Ta = +25°C, 75 0 system unless otherwise noted) — . 
tye | Mex | min | Tye 


Characteristic 


w 
= 


Frequency Range .- 


Power Gain — 50 MHz 
Power Gain — 450 MHz 


Gain Flatness~ oS "3 


Return Loss — Input/Output 40-450 MHz 
Second Order Intermodulation Distortion _ 

(Vout = +46 dBmV per ch., Ch 2, M6, M15) 

(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmV per ch.) -60-Channel FLAT 


Composite Triple Beat _ 53-Channel FLAT 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 


IRL/ORL 


XMDs53 
~XMDgo9 


CTB53 


9 
ow rp) 
o> 
So 


DIN (European Applications Only)* 
300 MHz — (CHV + OQ — P@W) DIN1 §=| 124. 
400 MHz — (CH M8 + M15 — M9 @ M14) . DIN2 124 
450 MHz — (CH M20. “+ M23 — M22 @ M21) DIN3 123 


Noise Figure (f = 450 MHz) 


DC Current 
(Voc = 24 +0.5 Vdc, Te = 30°C) 


*DIN (European Applications Only) 


NCTA Channel ee DIN Output Level _ DIN Beat Level — 
oii lah (MHz) (dBmvV)** - GB Relative to Ref. Ch. . 


=. MHWS1@2A 


M14 (Ref.) 
M15 


M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RE DEVICE DATA 


5-219 


MOTOROLA 
Ee Ss E M : Cc @ N D U CTO R aie cts tere ee nee eae ee 
TECHNICAL DATA 


The RF Line oo = | MHW5185 
High Output Doubler | MHWG6185— 
450/550 MHz CATV Amplifiers ee 


... designed specifically for 450/550 MHz CATV applications. Features ion-implanted 
arsenic emitter transistors with 6 to 8 GHz fy and an all gold metallization system. 


@ 4th Generation Die Technology 
@ Specified for 60/77-Channel Performance 
@ Broadband Power Gain — @ f = 40-550 MHz 
Gp = 18.5 dB (Typ) @ 50 MHz — 
19.0 dB (Typ) @ 450 MHz 
19.5 dB (Typ) @ 550 MHz 
Broadband Noise Figure 
NF = 5 dB (Typ) — MHW5185 | 
_ = 6 dB (Typ) — MHW6185 = 
Improvement in Distortion Over Conventional Hybrids 
Allows Higher Output Level Operation 


18 dB GAIN 
450/550 MHz 
_60/77-CHANNEL 
CATV AMPLIFIERS . 


ABSOLUTE MAXIMUM RATINGS 


~20 to +100 °C 


Characteristic ; 


Frequency Range ee ~ MHW5185 
~ MHW6185 


50 MHz 
450 MHz 
. os : . 550 MHz - 


[Gain fates 


Return Loss — Input/Output (Zy7 = 75 Ohms) 40-550 MHz 
XMD60 
XMD77 


Power Gain 


Second Order intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) MHW5185 
(Vout = +46 dBmvV per ch., Ch 2, M30, M39) MHW6185 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


DIN (European Applications Only)* MHW5185 


300 MHz — (CH V + OQ - P@W) DIN) | 129 
400 MHz — (CH M8 + M15 — M9 @ M14) DIN2 128 
450 MHz — (CH M20 + M23 — M22 @ M21) DIN3 126 


Noise Figure . 450 MHz NF 
550 MHz 


DC Current (Vpc = 24 +0.5 Vdc, Te = 30°C) 


MOTOROLA RF DEVICE DATA 


5-220 


MHW5185, MHW6185 


*DIN (European Applications Only) 


Frequency _ 
(MHz) 


NCTA Channel 
Designation 


i ee ae es ee 
= Voc = 24V _ ed noth, cout We 
eee 
uw , oa 
e foe r db toe 
ese eee 
Pe ee ee 
aS ae Cs 
Se oe ee a 
So se es 

Sa A aa SR CL 
oP a a ss a 


jt | 
48 | 
"Pout sir Paik om) 


Figure 1. CTB versus Output Power 


(dB) 


_ CTB; COMPOSITE TRIPLE BEAT 


300 
- a FREQUENCY (MHz) 


400 


Figure 3. CTB versus Frequency/Channels 


DIN Output Level _ 
(dBmV)** 


et Ver=4v{ | | seal 
oT] mcuanners TT ae 
oe a ee 
aot pt tT te | a wom 
op ee ea z 
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_ DIN Beat Level 
dB Relative to Ref. Ch. 


(dB) 


CTB, COMPOSITE TRIPLE BEAT 


Pa ovTeut souk ae 


Figure 2. CTB versus s Output Power 


| tT out = 46 dBmV 
= ae 


200 600 


300 
f, FREQUENCY (MHz) 


400 500 


Figure 4. CTB versus Frequency/Output Power 


MOTOROLA RF DEVICE DATA 


5-221 


MHW5185, MHW6185 
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100 ~ 200 * 300 400 500 600 100 200 300 ~~ 400 500 600 
f, FREQUENCY (MHz) ~. f, FREQUENCY (MHz) 
Figure 5. CTB versus Frequency/Channeis Figure 6. NF versus Frequency. 


Vee = 24V . 
Pout = 46. dBmV @ 550 MHz 
i te 77-Channels ; 
a eee re 
Sp 


“Vec = 24V. 
_ 60-Channels 


| oS 
: Ce ae a es 


CTB, COMPOSITE TRIPLE BEAT (dB) 


100 200 300 — 400 500 600 100 200 ~ 300 400 500 ~=—«—s«€600 
f, FREQUENCY (MHZ) . _f, FREQUENCY (MHz) 


Figure 7. CTB versus Frequency/Tilt . Figure 8. CTB versus Frequency/Tilt 


: 7 Table 1. Functional Performance versus Temperature* : a . 
a a Oe 
Parameter Condition Symbol — 20°C 35°C 80°C 
ronerGsin og fees 


Composite Triple Beat Vout = +46 dBmV CTBéo ~ 66.1 - 64.9 — 62.9 

ei . 60-Ch FLAT | 
Composite Triple Beat Vout = +46 dBmV CTB77 ~ B93 mo ae — ~'56.5 
. . | . _  77-Ch FLAT . . —s 


DC Current | Voc = 24V IDc 370 401 419 mA 


*Data in Table 1 is the average value of several parts and is only intended to show typical trends in performance as a function of temperature. 
Absolute values of specific parameters will comply with limits specified under “ELECTRICAL CHARACTERISTICS.” 


MOTOROLA RF DEVICE DATA 


5-222 


-MOTOROLA 
= SEMICONDUCTOR yas 


TECHNICAL DATA arora ae MHW5222A 


The RF Line | 


22 dB GAIN 
450 MHz 


—60-CHANNEL 
~ CATV TRUNK AMPLIFIER 


450 MHz CATV AMPLIFIER 


... designed for broadband applications requiring low distortion 
characteristics. Specifically intended: for CATV market require- 
‘ments. Features ion-implanted arsenic emitter transistors with 7.0 
GHz fT, and all an gold metallization system. 
@ Broadband Power Gain — @ f = 40-450 MHz | 
Gp = 22 dB (Typ) ON AS 
_ © Broadband Noise Figure — @ f = 450 MHz 
_ NF = 6.5 cB (Typ) | . oe 
e Superior Gain, Return Loss and DC Current Stability with - 
Temperature: 
@ All Gold Metallization 


@ 7.0 GHz lon-Implanted Transistors 


Qon : - 


_ [40025 0010 © [7] F @ 


B32UNC-2B 2 PL 


4/6025 10010) ® [z[ tT] a ® 


STYLE 1: 

~*PIN'TS RF INPUT 
. os vo : 3 2.2. GROUND 
NOTES: , 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 


i : Y14.5M, 1982. 5. VOC 
_ Rating — Symbol Value Unit 2. CONTROLLING DIMENSION: INCH. 6: DELETED 


: 7. GROUND 

i } : . : 8. GROUND 

RF Voltage Input (Single Tone) | Vin | +70 dBmvV . . acer 
|_DC Supply Voltage | festa: 
: | 


Vde 
Operating Case Temperature Range 


~20 to +100 °C 
Storage Temperature Range —40 to +100 °C 


elol—}1 |elois |: 

$O IR oT * _ f 
ao;oia . 

Olio lae 

wlwm im 

miniwn « « ¢ o;f ¢ : : 
OJOS 


7105 | 1143 | 0.435 | 


MOTOROLA RF DEVICE DATA 


5-223 


MHW5222A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, TA = +25°C, 75 0 system unless otherwise noted) 
Characteristic | Symbol Min Typ Max Unit 


_ {| Frequency Range | Bw H 
. | Power Gain—50 MHz. - a Geel 
| 
Return Loss — Input/Output 9 40-450 MHz IRL/ORL 
(Zg = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +.46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT XMD53 : 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD¢o 
| Composite Triple Beat | i 53-Channel FLAT CTB53 ° 
(Vout = +46 dBmV per ch.) 60-Channel FLAT - |. CTBgo . 
DIN (European Applications Only)* 
300 MHz — (CH V + O — P @ W) | 
400 MHz — (CH M8.+ M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 
Noise Figure 7 
(f = 450 MHz) ~ 
DC Current aa | : 
~ (Vpc = 24 +0.5 Vdc, Tc = 30°C) 


= 


NO 
NO 
oi 

N 


io I+ 
~~ =) 
NO NO No 


dB 


3 
> 


210 «| = 240 


*DIN (European Applications Only) —_ | Vase geag” 
_ NCTAChannel © | Frequency DIN Output Level _ DIN Beat Level 
Designation (MHz) (dBmvV)** dB Relative to Ref. Ch. 


<-—60 


Mg 
M14 (Ref.) 
M15 


M21 (Ref.) 
M22 
M23 


**DIN (dBuzV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-224 


MOTOROLA 
m= SEMICONDUCPGR yyy 
TECHNICAL DATA MHW5272A 


The RF Line 


27 dB GAIN 
450 MHz 


~ 60-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIER 


450 MHz CATV AMPLIFIER 


eas designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an _ 
all gold metallization system. | ae “.= 


@ Specified for 53- and 60-Channel Performance | 


@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 27 dB (Typ) > ae 


@ Broadband Noise Figure 
NF = 5.0 GB (Typ) 


® Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ All Gold Metallization 
© 7.0 GHz lon-Implanted Transistors 


GR2UNC-28 2 


AL 
[4] 4025 0010 © [z{t] a @| 


STYLE 1: 
PIN 1. RF INPUT 
2. GROUND 
3. GROUND 


ABSOLUTE MAXIMUM RATINGS . TT DRENSGANG AND TOLERANCING PER ANS 4. DELETED 


i : Y14.5M, 1982. 5. VOC 
Rating Symbol 2. CONTROLLING DIMENSION: INCH. : sas 
i 8. GROUND 
RF Voltage Input (Single Tone) +55 | 8 GROUND 
DC Supply Voltage 


Operating Case Temperature Range 


Storage Temperature Range 


| 5.08 BSC__| 
7.11 BSC 
11.05 | 11.43 


MOTOROLA RF DEVICE DATA 


5-225 


MHW5272A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 © system unless otherwise noted) 
. Characteristic Symbol 


| Frequency Range BW 
Gp 
R 


a | Symbol _ 
. | Bw 
[Power Gain—soMHzSSSCSC~S~SsSSSC 
RSIS Mee ee to 
a 

Return Loss — Input/Output 


40-450 MHz IRL/ORL 
(Z9 = 75 Ohms) 
Second Order Intermodulation Distortion 
(Vout = +48 dBmV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
Cross Modulation Distortion | 53-Channel FLAT XMDs3 © 
XMD¢60 


(Vout = +46 dBmV per ch.) 60-Channel FLAT 


Composite Triple Beat He ot 53-Channel FLAT. - CTB53 
(Vout = +46 dBmV per ch.) 60-Channel FLAT CTBg0 


DIN (European Applications Only)* 
300 MHz — (CH V + Q - P@W) 

400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20: + M23 — M22 @ M21) | 


Noise Figure | 
(f = 450 MHz) 


DC Current 
(Voc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) 


NCTA Channel Frequency DIN Output Level DIN Beat Level 
Designation (MHz) (dBmvV)** dB Relative to Ref. Ch. 


+60 
+60 
+ 66 
+66 


M14 (Ref.) 
M15 — 
M20 

M21 (Ref.) 
M22 

M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-226 


MOTOROLA 


mz SEMICONDUCTOR & 
TECHNICAL DATA 


/MHW5332A 


33 dB GAIN 
450 MHz 


| | | —_60-CHANNEL 
, | fa | — CATV LINE EXTENDER 


... designed specifically for 450 MHz CATV applications. Fea- 
tures ion-implanted arsenic emitter transistors with 7.0 GHz fy 
and an all gold metallization system. 

@ Specified for 53- and 60-Channel Performance 
® Broadband Power Gain — @ f = 40-450 MHz 
Gp = 33 GB (Typ) : 
Broadband Noise Figure 
NF = 5.0 dB (Typ) ee 
@ Superior Gain, Return Loss and DC Current Stability with 
Temperature . . : 
All Gold Metallization 
7.0 GHz lon-Implanted Transistors 


Q2Aa 


1 [4/0025 0010) @|T| F@/ a®@ 


632UNC28 2PL 


4]¢025 e010 ® [2[T[A@ 


STYLE 1: 
PIN 1. RF INPUT 
: , _ 2, GROUND 
NOTES: 3. GROUND 


ABSOLUTE MAXIMUM RATINGS . . | 1. DIMENSIONING AND TOLERANCING PER ANS! | 4.-DELETED 


5. VOC 


Y14.5M, 1982, 
Symbol 2 Te nGmMe OR NG COUN 
. te . . 8. GROUND 
RF Voltage Input (Single Tone) . ee 
_DC Supply Voltage 
Operating Case Temperature Range 
Storage Temperature Range . —40 to +100 


1 
0.300 | 0.325 
0.100 BSC 
0.156 BSC 
0.315 | 0.355. 
1.00 BSC 
0.165 BSC 


2.54. BSC 0.100 BSC 
3.76 4.27 | 0.148 | 0.168 


PR | — | 15.11 | 


| vi; 7.11 BSC 
| wel 11.05 | 11.43 | 0.435 | 


> 
fort 
an 
ow 
oO 


FF 


oo 


MOTOROLA RF DEVICE DATA 


5-227 


MHW5332A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +25°C, 75 2 system unless otherwise noted) 


Characteristic 
Frequency Range 


Return Loss — Input/Output 
(Zo = 75 Ohms) 


Second Order. Intermodulation Distortion 
(Vout.= +46 dBmvV, Per Ch. Ch 2, M6, M15) 
(Vout = +46 dBmV, Per Ch. Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmV, Per Ch.) _ 60-Channel FLAT 


Composite Triple Beat _.. §3-Channe! FLAT 
(Vout = +46 dBmV, Per Ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CHV + Q —- P@W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure | 
(f = 450 MHz) 


DC Current 
(Vpc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) _. 


a Frequency 
(MHz) 


DIN Output Level ~ DIN Beat Level ; 
(dBmvV)** dB Relative to Ref. Ch. 

+60 | | 

+60 


+ 66 
+ 66 


+59 


+59 
M14 (Ref.)} +65 
M15 +65 


433.25 


M21 (Ref.) 


439.25 +64 er 
M22 445.25 
M23 451.25 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-228 


MOTOROLA 


= SEMICONDUCA yyy 
TECHNICAL DATA | 


/MHW5342A 


| “The RF Line | 


(34dBGAIN 
450 MHz © 


—— ~  60-CHANNEL 
ee oo |. GATV LINE EXTENDER. 
450 MHz CATV AMPLIFIER = ee ai eres 


... designed specifically for 450 MHz CATV applications. Features. _ 
_ ion-implanted arsenic emitter transistors with 7.0 GHz ff and an 
all gold metallization system. — . = . 
@ Specified for 53- and 60-Channel Performance 
@ Broadband Power Gain — @ f = 40-450 MHz 
Gp = 34 dB (Typ) Be. a 
@ Broadband Noise Figure 
NF = 5.0 dB (Typ) © | = 
@ Superior Gain, Return Loss and DC Current Stability with 
_ Temperature is / 


@ All Gold Metallization. 
e 7.0 GHz lon-Implanted Transistors: 


S32UNC-28 2 PL 
[4] 6025 00 © [z[t] a ©] 


aig feel 
Te 


Din [+/4025 1000 © [tT] A@] 


STYLE 1: 
PIN 1. RF INPUT 
a . : . wa ‘ os 2. GROUND 
: é NOTES: ; 3. GROUND 
ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANS! d DELETED 
Y14.5M, 1982. 


Rating | i 2. CONTROLLING DIMENSION: INCH. pone 


8. GROUND 


RF Voltage Input (Single Tone) SRE BUILT 


DC Supply Voltage 
Operating Case Temperature Range 
Storage Temperature Range 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-229 


MHW5342A 


ELECTRICAL CHARACTERISTICS Woe = 25°C, 75 © system unless otherwise noted) 


a 
Frequency Range {Bw 
| Power Gain — 50 MHz a oe 


IRL/ORL 


Return Loss — Input/Output 40-450 MHz 
(Zg = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout =. +48 dBmvV per ch., Ch 2, 13, R) 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) | 


Cross Modulation Distortion | 53-Channel FLAT 
(Vout = +46 dBmV per ch.) 60-Channel FLAT . 


Composite Triple Beat ; 53-Channel FLAT: - 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 


DIN (European Applications Only)* 
300 MHz — (CHV. + Q — P@W) 

400 MHz — (CH M8’ +:M15 — M9 @ M14) 
450 MHz — (CH M20.+ M23 — M22 @ M21) - 


| Noise Figure 
(f = 450 MHz) © 


DC Current 
(Vpc = 24 +0.5 Vde, Tc = 30°C) 


*DIN (European Applications Only) 


NCTA Channel Frequency DIN Output Level DIN Beat Level _ 
ee (MHz) — (dBmvV)** dB Relative to Ref. Ch. 


| +60 | 
+60 
+66 sre 
a (Ref.) +66 


ie 
M14 (Ref.) 
M15 


M20 
M21 (Ref.) 
M22- 

M23 


**DIN.(dBuV) = Reference Channel Level (dBmV) + 60 dB 


| MOTOROLA RF DEVICE DATA | 


5-230 


MOTOROLA 
m= SEMICONDUCTOR 


The RF Line 


| 38 dB GAIN — 
450 MHz. 


- 60-CHANNEL > 
; var ~ CATV LINE EXTENDER 
2 450 MHz CATV AMPLIFIER | ae : AMPLIFIER _ 
atacas designed specifically for 450 MHz CATV applications. Features -_ wit end 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an 
all gold metallization system. ee es 
e Specified for 53- and 60-Channel Performance | 
® Broadband Power Gain — @ f = 40-450 MHz .. 
| Gp = 38 dB (Typ) ; ae 
© Broadband Noise Figure 
_ NF = 5.0 cB (Typ) . - 

@ Superior Gain, Return Loss and DC Current Stability with | 

Temperature. 
@ All Gold Metallization 
@ 7.0 GHz lon-Implanted Transistors 


azm 


+] 025000 © [TPO A ©) 


G32UNC-28 2 PL 


4feazsion ©[z[t aA ®| 


STYLE 1: 
PIN 1. RF INPUT 
|. 2. GROUND- 
NOTES: ; ‘ _3..GROUND 
1. DIMENSIONING AND TOLERANCING PER ANSI- 4. DELETED 
Y14.5M, 1982. s 5, VOC 


2, CONTROLLING DIMENSION: INCH. 6. DELETED 
. 7. GROUND 


8. GROUND 
9. RF OUTPUT 


ABSOLUTE MAXIMUM RATINGS 


Rating Symbol Unit 


RF Voltage Input (Single Tone) dBmV 


DC Supply Voltage Vcc Vdc 
To___|=20to +100 


Operating Case Temperature Range . —20 to +100 °C 


Storage Temperature Range —40 to +100 °C 


—s|— 
o|l™ 


= Si: 
is] 4 
a i) 


L= 7 bed 
O(n 


sialallals 
alale a|s 
ow lo | ola 
Da iB Did 
orate) ONO 


Qa Im 


; 0.148 | 0.168 ; 
1 | 0.595 | 
5.08 BSC 
| 11.43 | 0.435 | 0.450 | 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


9-231 


MHW5382A 


ELECTRICAL CHARACTERISTICS (Vcc. = 24 Vdc, Ta = +25°C, 75 0 system unless otherwise noted) 


Characteristic . 


Frequency Range stile 
| Power Gain — 50 MHz Gp 


37 


Gain Flatness < 


Return Loss — Input/Output 40-450 MHz 
(Z9 = 75 Ohms) 
Second Order Intermodulation Distortion 

(Vout = +48 dBmV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) . 


Cross Modulation Distortion 
(Vout = +46 dBmvV per ch.) 
‘Composite Triple Beat _ 
(Vout = +46 dBmV per ch.) 
DIN (European Applications Only)* 
300 MHz — (CHV + Q - P@W) 

400 MHz — (CH. M8 + M15 — M9 @ M14) 
450 MHz —~ (CH M20 + M23 — M22 @ M21) 
Noise Figure 
(f = 450 MHz) 
DC Current ; 

(Vpc = 24 +0.5 Vde, Tc = 30°C) 


IRL/ORL 


53-Channel FLAT 
60-Channel FLAT 


53-Channel FLAT _ 
60-Channel FLAT 


XMDs53 
XMDe60 
CTB53 


CTBgé0 


_.*DIN (European. Applications Only) 


| NCTA Channel Frequency DIN Output Level DIN Beat Level 
Designation (MHz) . (dBmv)** dB Relative to Ref. Ch. 
: ; +59 
+59 60 


+65 


M14 (Ref.) 
M15 


=—60 


+57 
+57 <—60 


<— 
+65 : 


M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-232 


MOTOROLA | : 
= SEMICONDUCTOR yy 


12. dB GAIN ce 
550MHz 


| | -. 77-CHANNEL ” 
Pe CATV INPUT/OUTPUT  ° 
_ 550 MHz CATV AMPLIFIER TRUNK AMPLIFIER 
ae designed specifically for 550 MHz CATV applications. Features ne 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an 
all gold metallization system. = ® 
@ Specified for 77-Channel Performance | 
@ Broadband Power Gain — @ f = 40-550 MHz 
Gp = 12.5 dB (Typ) @ 50 MHz 
13 dB (Min) @ 550 MHz 
@ Broadband Noise Figure @ 550 MHz 
_NF = 8.5 dB (Max) MHW6122 7 
@ Superior Gain, Return Loss and DC Current Stability 
- with Temperature | 
@ All Goid Metallization 
@ 7.0 GHz lon-Implanted Transistors 


Qin 


(+/¢025 0010 © [1] FO] a ©) 


GR2UNC-28 2 PL 


+] 6 0.25 (0.010) @ |2 tla@] 


STYLE 1: 
PIN 1. RF INPUT ° 
2. GROUND 
NOTES: ; 3. GROUND 


ABSOLUTE MAXIMUM RATINGS 1. DIMENSIONING AND TOLERANCING PER ANSI t DELETED 
Y14.5M, 1982. 
F 6, DELETED 
| Rating | Symbol 2. CONTROLLING DIMENSION: INCH, cca 
RF Voltage Input (Single Tone) : saat 
DC Supply Voltage : 


Operating Case Temperature Range - 20 to 


Storage Temperature Range — 40 to +100 


MILLIMETERS [| INCHES | 


nN 
~ Ss 
OT 
rls a} 
= 
on 
fon] 
Co 
o|o 
© jc 
parg pay 
DIS 
Qo _ 
283 
~~ 
io wn 


~ 
by 
ter] 
OWN 
o|o 
ard ban 
31S 
alm 
31> 
CIC 


| 8.00 | 850 | 0.315 | 0.356 _| 


wl 
band bade ¢ 
ole 

colcs 
Dlala 
SSS 


i [a 

Z io 
a 

io ios] 
ain 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-233 


MHW6122 


7 ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = -+38°C, 75 0 system unless otherwise noted) 


Characteristic 


Power Gain — 550 MHz 
Slope ee ta | 
Gain Flatness. 


Return Loss — Input/Output 
(Zo = 750Ohms) 


Second-Order Intermodulation Distortion 
(Vout =. +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion of 
(Vout = +46 dBmV per ch.) . 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT — 


Noise Figure. 
(f = 550 MHz) © 


DC Current . 
(Voc = 24 +0.5 Vde, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


5-234 


MOTOROLA | — 
@ SEMICONDUCTOR yyy 
TECHNICAL DATA | 


_ MHW6141 | 


MHW6142 


14 dB GAIN 


| 550 MHz CATV AMPLIFIERS | 550 MHz 
ean designed specifically for 550 MHz CATV applications. Features _ | 77-CHANNEL 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an vices AIDE IT/ er. 
all gold metallization system. i a6 CATV INPUT/OUTPUT 


@ Specified for >77 Channel Performance TRUNK AMPLIFIERS : 
@ Broadband Power Gain — @ f = 40-550 MHz ee ee 
_ Gp = 14 dB (Typ) @ 50 MHz | 
14.5 dB (Min) @ 550 MHz 
Broadband Noise Figure | 
NF = 7.5 dB (Max) MHW6141 
8.5 dB (Max) MHW6142 


e Superior Gain, Return Loss and DC Current Stability with 
~ Temperature eee CS ; 


All Gold Metallization 


7.0 GHz lon-Implanted Transistors 


Q2Pt 


40025 0001 ® [tT] F@[A® 


G32UNC-28 2 PL 


4 {ita 
cs — w 
| ie |e 


Dirt 14} 60.25 (0.010) @ | T| A @ 


ABSOLUTE MAXIMUM RATINGS 


Rating STYLE 1: 


PIN 1. RF INPUT 
2. GROUND 


RF Voltage Input (Single Tone) 
3. GROUND 
DC Supply Voltage 1. DIMENSIONING AND TOLERANCING PER ANSI 4, DELETED 


i = Y14.5M, 1982. 5. VOC 
Operating Case Temperature Range 20:10 100 2. CONTROLLING. DIMENSION: INCH. 6. DELETED 


7. GROUND 
Storage Temperature Range -40to +100; #£x°°C 8. GROUND 


9, RF OUTPUT 


| MILLIMETERS | INCHES | 
| MIN | MAX [| MIN | 
45.08 


iad 
~ S 
For) ao 
INO ~~ 


Siw jr 
ZS 
w 
MIO |S 1 


wo 
wo 
min 


‘CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-235 


MHAW6141, MHW6142 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +35°C, 75 0 system unless otherwise noted) aa 
Characteristic | nbo i | x 


Frequency Range as 
' Power Gain — 50 MHz Gp 
Power Gain — 550 MHz 2 _ 


Gain Flatness . 


Return Loss — Input/Output | 40-550 MHz 
(Zo = 75 Ohms) 
Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmV per ch., Ch 2, M30, M39) 
Cross Modulation Distortion __ 
(Vout = +46 dBmvV perch.) — ~—‘60-Channel FLAT 
- (Vout = +44 dBmV per ch.) 77-Channel FLAT 
Composite Triple Beat 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 
Noise Figure. 
(f = 550 MHz) 
DC Current Rese. s | . 
(Voc = 24 +0.5 Vdc, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


5-236 


MOTOROLA. | 


m= SEMICONDUCTO 
TECHNICAL DATA 


The RF rine : MHW6171 


77-Channel (550 MHz) CATV —s§:-« MIHW6172 | 
Input/Output Trunk Amplifiers 


... designed specifically for 550 MHz CATV applications. Features ion-implanted == 17 dB GAIN 
arsenic emitter transistors with 7 GHz fT and an all gold metallization system. oat 550 MHz 
ties | ~ * 77-CHANNEL 
@ Specified for 77-Channel Performance CATV AMPLIFIERS 
® Broadband Power Gain — @ f = 40-550 MHz i ee 
Gp = 17.2dB (Typ) 
Broadband Noise Figure — @ f = 550 MHz 
NF = 5.5 dB (Typ) MHW6171_ | 
6 dB (Typ) MHW6172 
Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization | 
7 GHz lon-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Frequency Range 
Power Gain 50 MHz 


Return Loss — Input/Output 40-550 MHz IRL/ORL 
(Zo = 75 Ohms) 


Second Order Intermodulation 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 


BW 
Gp 1 
S 


a ‘Characteristic 


Cross Modulation Distortion 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat Noise. . 
(Voyt = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Noise Figure 
400 MHz 
450 MHz 


DC Current (Vpc =.24 +0.5 Vdc, Tc = 30°C) 


MOTOROLA RF DEVICE DATA 


5-237 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


MHW6181 
MHW6182 


The RF Line alee 4 28% ce 
— — |. , 18 dB GAIN | 


550 MHz CATV AMPLIFIERS | 550 MHz 


. designed specifically for 550 MHz CATV applications. Features i. | - 77-CHANNEL 
ion-implanted arsenic emitter transistors with 7.0 GHz f7 and an CATV INPUT/OUTPUT 
all gold metallization system. . fae TRUNK AMPLIFIERS 
® Specified for >77 Channel Performance oe 


@ Broadband Power Gain — @ f = 40-550 MHz 
Gp = 18.2 dB (Typ) @ 50 MHz — 
Gp = 18.8 dB (Min) @ 550 MHz 
® Broadband Noise Figure @ 550 MHz 
NF. = 7.0 dB (Max) MHW6181 
8.0 dB (Max) MHW6182 / 
@ Superior Gain, Return Loss and DC Current Stability with 
Temperature 
@ All Gold Metallization . 
® 7.0 GHz lon-Implanted Transistors 


G22UNC-28 2PL 


$/ 60.25 10.010) © |Z} T] A@ 


+2025 0010 © [1] A @ 


ABSOLUTE MAXIMUM RATINGS 


- . ; STYLE 1: : 
Rating Symbol Value : BIN 1. RE {NPUT 
: 2. GROUND 
RF Voltage Input (Single Tone) NOTES: ° | 3, GROUND 
1. DIMENSIONING AND TOLERANCING PER ANSI. 4. DELETED 
DC Supply Voltage ; Y14.5M, 1982. 5. VOC 


: N DIMENSION: INCH. » 6. DELETED 
Operating Case Temperature Range a —20 to +100 eee 7. GROUND 
; . 8. GROUND 
Storage Temperature Range —~40 to +100 — _ 9, RF OUTPUT 


21.34 

0.56 

1. 81. 12.95 
7.62 8.25. 


25.40 BSC 
4.19 BSC 165. 
xT — | 0595 
"38.10 BSC 1.500 BSC 
5,08 BSC 0.200 BSC 
— | 0.280 BSC 
0.435 [0.450 


CASE 714-04 
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MHW6181, MHW6182 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +35°C, 75 0 system unless otherwise noted) 


Characteristic : 


Frequency Range 
‘Power Gain — 50 MHz 
‘Power Gain — 550 MHz 


‘Return Loss — Input/Output 40-550 MHz 
(Zo = 75 Ohms). ~ n 


Second Order intermodulation Distortion _ 
(Vout = +46-dBmV per ch., Ch 2, M13, M22) - 
(Vout = +46 dBmvV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion 


(Vout = +46 dBmV per ch.) 60-Channel FLAT. XMDéo 
(Vout = +44 dBmV per ch.) 77-Channel FLAT: ide 


Composite Triple Beat 
- (Vout = +46 dBmvV per ch.) 60-Channel FLAT CTBgo 
- (Vout = +44 dBmV perch.) | 77-Channel FLAT a 
Noise Figure 
(f = 550 MHz) 
DC Current Bill 


(Voc = 24 +0.5 Vdc, Tec = 30°C) 


re) 
—_ 
ice) 
N 


= | = 
Coin 
2 N 


eps F 
EE 
fased Kia 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA © | = _ 


_ MHW6222 


| | The RF Line | ) ? 
| : | | 22 dB GAIN 


550 MHz 


550 MHz CATV AMPLIFIER | 97-CHANNEL 


~ CATV INPUT/OUTPUT 
oom designed specifically for 550 MHz CATV applications. Features TRUNK AMPLIFIER 
ion-implanted arsenic emitter transistors with 7.0 GHz ff and an — be 
all gold metallization system. > 
@ Specified for 77-Channel Performance. 


Broadband Power Gain — @ f = 40-550 MHz 
Gp = 22 dB (Typ) @ 50 MHz : 
22 dB (Min) @ 550 MHz 


Broadband Noise Figure @ 550 MHz 
NF = 7.0 dB (Max) 


Superior Gain, Return Loss and DC Current Stability 
with Temperature 


All Gold Metallization 


7.0 GHz lon-Implanted Transistors 


CASE 714-04 


STYLE 1: 
PIN 1. RF INPUT 
2. GROUND 
NOTES: 3. GROUND 
‘ 1, DIMENSIONING AND TOLERANCING PER ANSI 4. DELETED 
Bae Y14.5M, 1982. 5. VOC 


(Heosono Ot] O[AG] 
Hoon OI FOAS 2. CONTROLLING DIMENSION: INCH. B/DELETED 


7. GROUND 
8. GROUND 
9. RF OUTPUT 


632UNC:; 


78 2PL 


CASE 714-04 
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MHW6222 


ABSOLUTE MAXIMUM RATINGS 


RF Voltage Input (Single Tone) +60 
| 
Tc 


[Characteristic | Symbol 
Frequency Range | | | | Bw 
Power Gain — 50 MHz 2 Ge «i 
Power Gain — 550 MHz 
[GainFlaness | 


Return Loss — Input/Output 40-550 MHz 
- (Zg = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion + 
(Vout = +46 dBmV per ch.) 60-Channel FLAT . 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


‘Composite Triple Beat zs 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Noise Figure 
(f = 550 MHz) 


DC Current ; 
_ (Vpc = 24 +0.5 Vde, Tc = 30°C) 


IRL/ORL 


XMD60 


BW 
Gs 2 
Ga i 
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MOTOROLA 
m= SEMICONDUCTOR 
TECHNICAL DATA 


eee pe MHW6272 
The RF Line | | ee cee ee oe 
77-Channel (550 MHz) CATV 

Line Extender Amplifier Oo 


Specified for 60- and 77-Channel Performance | 550 MHz 
Broadband Power Gain — @ f = 40-550 MHz | | Cae 
Gp = 27 dB (Typ) 
Broadband Noise Figure ~ 
NF = 6 dB (Typ) @ 550 MHz | | 
Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization ey 
7 GHz fy lon-Implanted Transistors 


77-CHANNEL 
CATV AMPLIFIER © 


. | Characteristic 
Frequency Range 


Power Gain 50 MHz 
550 MHz 


Gain Flatness 


Return Loss — Input/Output (Zo = 75 Ohms) 40-550 MHz 


Second Order intermodulation Distortion 
(Vout = +48 dBmV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 
Cross Modulation Distortion 
53-Channel FLAT 
V = +46 dBmV per ch. 
(Vout Peeeny cane FLAT 
70-Channel FLAT 


Nicci Sa GB perch: ) 
Vout mpenemul 77-Channel FLAT 


Composite Triple Beat 


(Vout = +46 dBmV h. 
out mvipereny 60-Channel FLAT 


70-Channel FLAT 
Vout = +44 dBmvV h. 
(Vout mV per ch.) 77-Channel FLAT 


Noise Figure ia . 550 MHz 


DC Current (Vpc = 24 +0.5 Vde, Tc = 30°C) 


{ 53-Channel FLAT 
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MOTOROLA 
TECHNICAL paplled 


The RF Line 


77-Channel (550 MHz) 
CATV Amplifier 


. . designed specifically for 550 MHz CATV applications. Features ion-implanted 


arsenic emitter transistors with 7 GHz ‘fT and an an gale metallization system. 


e Specified for 77- Channel Performance . 
@ Broadband Power Gain — @ f = 40- 550 MHz . 

Gp = 34.5 dB (Typ) @ 50 MHz 

35 dB (Min) @ 550 MHz. 

Broadband Noise Figure @ 550 MHz_ 

NF = 6 dB (Typ) 
Superior Gain, Return Loss and DC Current Stability with Hemperauts 
All Gold Metallization  — | 
7 GHz lon- Hu piAgiee, Transistors. 


ABSOLUTE MAXIMUM RATINGS | 


RF Voltage fant (Single Tone) 


DC Supply Voltage 


Operating Case Temperature Range 


[se [ree 
a 


m= SEMICONDUCTOR ALTE EES 


MHW6342 


34 dB GAIN 

- 550 MHz ~ 

77-CHANNEL | 
CATV AMPLIFIER 


ELECTRICAL CHARACTERISTICS Woe = 24 Vdc, Tc = +35°C, 75 1 system unless otherwise noted) 


Frequency Range | Bw 


Power Gain 550 MHz 
ge 
Gain Flatness : eee) 


Return Loss — inscvOusar . 40- 550. MHz IRL/ORL 
Second Order Intermodulation Distortion = 


Power Gain | 50 MHz ee 33.5 


(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M339) - 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
(Vout = +44 dBmV per ch.) 


Composite Triple Beat 
(Vout = +46 dBmvV per ch.) | 
(Vout = +44 dBmV per ch.) | 


60-Channel FLAT 
77-Channel FLAT 


- 60-Channel FLAT 
77-Channel FLAT 


Noise Figure ae: 550 MHz 


DC Current 
(Voc = 24 +0.5 Vde, Tc = 30°C) 
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Storage Temperature Range —40 to +100 a 


MOTOROLA 
@ SEMICONDUCTOR 
TECHNICAL DATA 


Broadband RF Amplifier 


For IBM PC Network and IEEE 
802.7 Modem Applications 


@ IBM PC Network and Broadband LAN it als 
@ Extremely Small Size — <8 In2 
@ 2 Mbps Data Rate 
@ High Selectivity 
@ High Spectral Purity 
® RUGGED — Continuous operation into any load. Can 
withstand input signals to +65 dBmV 
Low Power Consumption (<300 mA @ 12 V) 
Standard CATV Channels 
MHW10000 : T-14, J 
MHW10001 2',0 
MHW10002.° 3’, P 
MHW10003 T-14, M 


GENERAL DESCRIPTION 


‘The MHW10000 Series RF Module is designed to pro- 
vide the RF functions needed: for implementation of a 
complete modem compatible with the IBM PC Network, 
and IEEE 802.7 broadband specifications. It is a full 


duplex, continuous phase frequency shift keyed (CPFSK) | 


transceiver. The design is such that the module operation 


is completely compatible with a broadband coaxial cable - 


environment such as a fully loaded 60 channel CATV dis- 
tribution system. The transmitter occupied bandwidth 
and the receiver selectivity and overload characteristics 
have been controlled so that the module operation is 
completely transparent to the cable system operation. 
The module transmitter operates at a carrier frequency 
of 50.75 to 62.75 MHz (See Table 1) with a total frequency 


deviation of 2 MHz. Transmitter occupied bandwidth is- 


controlled by a SAW filter along with careful attention to 
the switching characteristics of the circuitry. 

-A companion receiver operates at a center frequency 
of 219 to 255 MHz (See Table 1). The circuitry is capable 
of operating with center frequency offsets up to + 500 


kHz. RF and IF selectivity in the receiver is sufficient to | 


allow normal operation in the presence of a fully loaded 
cable environment with no performance degradation. 


The receiver RF selectivity is provided by a two resonator | 


bandpass filter at the RF amplifier input and a two reson- 
ator filter between the RF amplifier and the mixer. 
Receiver noise bandwidth control and adjacent channel 


selectivity is provided by two cascaded SAW filters i in the 


IF circuitry. 

‘Transmitter output and receiver input circuitry along 
with an input transformer provide the necessary duplex- 
ing function in addition to control of the return loss pre- 
sented to the cable network in both “on” and “off” con- 
ditions. The input transformer also provides protection 
against voltage surges sometimes found on large cable 
systems. 


Conversion of the analog RF data to the digital data | 
stream is provided by a Motorola MC13055 data IC. This - 
IC provides the final IF amplification and limiting, the 
quadrature detector, data carrier detect (squelch) and 
data shaper functions. Careful design attention was paid 
to optimizing receiver performance in the presence of. 
frequency offsets, transmitter frequency deviation vari- 
ations, mark-space tilt, system noise and limit.case data 
flag patterns. 

Three on board voltage regulators stabilize the module 
operation in the presence of supply voltage variations 
and noise. Shielding is also provided to allow normal ° 


operation in strong RF fields as well as the electrically 


noisy environment sometimes found in computing 
equipment. 

Surface mount construction is used to provide an auto- 
mated, highly repeatable assembly process. The basic 
card occupies about 8 square inches (2.5 x 3 x 0.4 in.) | 
excluding the “F’’ connector. Input power and data inter- 
face lines for the supporting modem circuitry are acces- 


sible thru an 18 pin edge connector. Block diagrams of 


both the receiver and transmitter functions are shown in 
Figures 1 and 2. 
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MHW10000 Series 


MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS 


GENERAL . 
[AF Comneitor «dR Femele 
Characteristic Impedance, Nominal 


Return Loss:. 
Channel T:14 (Tx on) 
Channel T-14 (Tx off) 
Channel J 
Out-of-channel (10-890 MHz) 


216 dB 


Spurious Output Levels 


Tx off (10-108 MHz) <—26 dBmV 
Tx on (10-108 MHz) <=—12 dBmV 
Tx on/off (108-890 MHz) <=—18 dBmV 


Load 
. The RF modem is capable of operating continuously into a 
short or open circuit without damage, and is capable of 

withstanding input signal levels as high as 65 dBmV. 


| +12 Vde, +10%; 
300 mA Max 
Max. ripple of 150 mV 
at frequencies of 

<50 kHz 


2.5” x 3” x 0.4" 


Power 


Size (Nominal, exclusive of “F’”’ 
conn.) 


TRANSMITTER . 


Modulation Technique Continuous Phase 
Frequency . 
Shift Keying (CPFSK) 


2 MHz + 150 kHz 
>43 dB 


>50dB - 


FSK Shift 


Carrier-to-hum 


Carrier-to-noise in 4.2 MHz 
bandwidth within fe + 8 MHz 


Modulated Spectrum Shape*: 


3 dB Bandwidth (nominal) 3 MHz 


Down > 56 dB +3 MHz from f, 
Down > 66 dB +4 Mhz from fe 
Down > 72 dB +6 MHz from fc 


Transmitter, Quiet (RTS Off) - <~—30 dBmvV 


*TXD driven by pseudo-random NRZI data at 2 Mbps rate. RTS keyed 
on/off by 5.8 kHz, 10% duty cycle square wave. 


Tt See Table 1. 


fo T + 300 kHz 
a ; 
: ie 


MOTOROLA RF DEVICE DATA 


ENVIRONMENTAL 


10°C to 50°C 
~- 40°C to 60°C 
8% to 80% © 
(non-condensing) 
5% to 100% | 
(non-condensing) 


Operating Temperature Range 
Storage Temperature Range 
Operating Humidity Range 


Storage Humidity Range 


RECEIVER 


. Characteristics . Specifications 


Center Frequericy, fc = T 


Center Frequency Acceptance fo + 400 kHz 


Range (Min.) 


Bandwidth (3 dB, nominal) 


Local Oscillator Frequency Stability | 0.01% (after 10 min 
-| warmup) 


Selectivity (at 6 MHz) _ 


| <7 ws from application 
of input signal of 
-7 dBmV 


Input Level (nominal) ° 
Operating Level Range 
Carrier Detect Threshold _ 


Carrier Detect Delay 


Data Edge Jitter = + 150 nano-seconds 


Better than + 150 ns; 
—7 dBmV to +24 
dBmV, fe + 400 kHz 


Data Symmetry Settling Time 12 bits, 6 us 


Data Output Polarity High Frequency 
Input = Mark 


TTL Compatible 


1E-9 or better with an 
input level of —7 
dBmvV and S/N of 33 
dB (4.2 MHz bandwidth) 


Data Symmetry 


Data Output Level 
Bit Error Rate 


Table 1. Transmit/Receive Frequencies 


Receiver 
Center 
Frequency 


219 MHz 
249 MHz 
255 MHz 
243 MHz 


Transmitter 
Center 
Frequency 


50.75 MHz 
56.75 MHz 
62.75 MHz 
50.75 MHz 


Part Number 


MHW 710000 
| MHW10001 
MHW10002 
MHW 10003 
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MHW10000 Series 


Figure 1. Transmitter Block Diagram Figure 2. Receiver Block Diagram 
TRANSMIT KEYLINE 
FROM MODEM _ | TRANSMIT DATA LINE FROM MATCHING 
_ [READY TO SEND (RTS) FROM'MODEM __ TRANSFORMER 
PINT) [TRANSMIT DATA (TXD), (FIGURE 1) 


RTS PIN 13] 


CRYSTAL 


BANDPASS 


OSCILLATOR/ 
TRIPLER 


MODULATOR - 
DRIVER 


FILTER 


TRANSMITTER 
CONTROL 


BANDPASS 


VOLTAGE 
CONTROLLED 
OSCILLATOR 


R.F. AMPLIFIER FILTER 


FILTER 


GAIN CONTROL 


MIXER 
SAW FILTER 


1ST IF 


OUTPUT 
AMPLIFIER 


AMPLIFIER 


SAW 
FILTER 


LOW PASS 
FILTER 


CONSTANT 2NO IF 


IMPEDANCE 


AMPLIFIER 


NETWORK | 
Dee FILTER 
RECEIVER MATCHING T0 
(BANDPASS FILTER TRANSFORMER _ CABLE | 
(RF CONNECTOR) | | 


INPUT, FIGURE 2) 
3RD IF AMPLIFIER 


MC13055 
_ LIMITER, DETECTOR, 
DATA SHAPER, CARRIER DETECT 


DATA OUTPUT DCD OUTPUT 


TOMODEM _ TOMODEM | 
[RECEIVED DATA (RXD), [DATA CARRIER DETECT (DCD) 
PIN 8] PIN 7] 
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_ MOTOROLA 
m= SEMICONDUCTOR ET TTT 


TECHNICAL DATA 
eee ak |, MIWAO204 
Monolithic Microwave = ~— |MWAO0211,L 
Integrated Circuit = = = |_| MWA0270 
. designed for narrow or wideband IF ane RF F applications i in eee Ae ere k : r : * 
ayetenis up to3 GHz. . 28 | = ~  . MONOLITHIC 


® 12 dB Gain at 500 MHz (Typ) oe, te on | MICROWAVE 
@ Fully Cascadable 4 .d ee | ah Te . _ INTEGRATED | 
e 50 © Input and Output Impedance eg : _ - Walle CIRCUIT . 
@ Choice of Package Types. eS aay oe ; 

@ Low Cost 

@ Surface Mount 

e@ Hermetic 


- Available In Both Standard Profile (mwao211) and Low Profile (MWA0211L) 
Tape and Reel Packaging Options © 


CASE 317-01, STYLE 3 
MWA0204 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Circuit Current | 


Input Power, RF 
Output Voltage Voi(pc) 


Tstg 
0270 


RECOMMENDED OREING CONDITIONS e 


Operating Current. Ss 


CASE 318B-03, STYLE 4 
3 MWAO0211 


storae: Temperature — 0204/0211, _ —65 to +150 


— 65.to +200 


CASE 318A-04, STYLE 4 
MWA0211L 


50 to 75° 


50 to 75 


Source Impedance 


Load Impedance 
THERMAL CHARACTERISTICS 


Thermal Resistance, Die to Case MWAO0204__ 
MWA0211,L. ° 
MWA0270 | 


CASE 303A-01, STYLE 3 
MWA0270 


DEVICE MARKING 
MWA0211,L = 06 


Characteristic 
Gain (f = 500 MHz) 


Gain Flatness 
(f = 100 to 800 MHz — MWwA0204/0211 /L) 
(f = 100 to 1600 MHz — MWA0270) 


Noise Figure (f = 100-1500 MHz) 


Third Order Intercept Output Power 
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MWA0204, MWA0211,L, MWA0270 


PtP TE c= ma 
bier dee ewes 
a — Moe, 
3 PS Neeklen te lac see cello wakeeh. 
es ut 6 a a a es 
bx = | 
S = —+——+—J-_7 | | | lt 
3 ui [ae ae ee RE ee 
ro) D 4 
= aM ies Oh Weeden 
uu" 
2 a a ee ae ee ee ee 


200 400 600 800 1000 1200 1400 1600 1800 2000 200 600 1000 1400 1800 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
' Figure 1. Gain versus Frequency Figure 2. Noise Figure versus Frequency 


TYPICAL S-PARAMETERS — MWA0204 
0.118 
0.119 
0.192 | 151 4.402 161 | (O. 
0.191 142 4,300 155 


0.191 - 134 4.218 |. 148 aQ, 


0.190 127 4.188 141 0.126 10 
0.192 121 4.155 136 0.129 12 : ~136 
0.183 118 «| «(4.062 131 +| 0.130 14 -138 


0.174. |. 113 3.922 126 0.135 15 0.140 _ 7139 
- 0.168. | 109 -| 3.816 - 4120 0.138... 16 0.151 — 141 
0.164 105 3.727 114 0.144 17 0.161 — 141 


0.159 ~ 103 3.658 108 0.148 WS 0.168 | —143 
0.155 — 105 3.590 103. 0.153 17 0.176 — 144 
0.150 . 105 3.466 - 99 -| 0.156 17 0.180 — 144 


- 0.145 108 3.318 95 0.160 16 0.181. -143 |. 
. 0:144 | 111° 3.250 90 0.159 |; 16° 0.180 “= 143 — 
0.143 115 3.160 85 0.165. 16 0.184 —141 


| 120 | 3.090 : —0.167°-| 17 «| (0.185 |. —141 
_ 123 3.026 ) d. | 17 0.187 | —139 
126 2.920 | 7 | 17 0.182 — 136 
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MWA0204, MWA0211,L, MWA0270 


UL 


age 
CMI 


ed 

nee 

ee 

ee 

eS MWA0270 

Bed 
fee 

as 

eed 

al 


NERRRERE 
\GZREREE 
AN TTT Ty 
RNEREREEE 


MWA0211,L 
200 600 - : - 3 4400 - 1800 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 3. Input VSWR versus Frequency Figure 4. Output VSWR versus Frequency 


"TYPICAL S-PARAMETERS — MWA0211,L_ | | 
aes ae a eae 82 
Sul | 4e | Sal | 4 | Stal | ze | Sel | eo 
: ‘ 
_ 0.195 149 4.102 161 


0.185 — 143 3.987 ~ 155 
0.173 132 3.920 149 


0.179 119 | 3.856 142. 
0.186 116 «| 3.816 137 
0.172 12 | ° 3.670 | 133 


0.155 103 | 3.534 | 127 0.148 25. 0.097 
0.156 90 3.430 122 0.150 | 26 | 0.104 
0.166 84 | 3.329 117 | (0.157 28 0.107 


. 0.166 «83 3.256 112 0.165 30: 0.114 
0.158 ~ 80 | 3.160} 109 | 0.169 32 0.118 
0.160 78 3.020 104 | 0.177 33 0.125 


0.157 81 2.936 | 100 : 0.181 . 0.134 
0.148 85 2.838 95 0.190 34° 0.148 — 107 
0.141 89 2.795 — 92° 0.198 35 |= (0.156 — 105 


- 95 2.727 88 | 0.203 . 0.170 — 101 
“402 2 |) 2.627 85 0.205 {> ¢ 0.183 sad 
113 2.576 80 0.214 0.200 —93 
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MWA0204, MWA0211,L, MWA0270 


tt pwaoati 


REVERSE ISOLATION (dB) 
eee ene 
Bote 
LT TV UIN 
TTA 


CCEA 


1 
_ f, FREQUENCY (MHz) 


Figure 5. Reverse isolation versus Frequency 
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Pout, OUTPUT POWER (dBm) 
+ 
Ro 
CRS ESe 
eal eda lod 
IN 


(PEESERNERE 
(ERR EERERES 


BERESNED 


Pin, INPUT POWER (dBm) 


Figure 6. Output Power versus Input Power 


TYPICAL S-PARAMETERS — ara ae 


300 
400 
500 
600 

~ 700 
800 


900 
| 1000 
1100 


1200 
_ 1300 
1400 


1500 
1600 
1700 


1800 
1900 
- 2000 


0.164 


0.157 © 


0.158 


0.158 
0.150 
0.135 


0.126 
0.120 
~ 0.114 


0.112 


0.112: 


0.115 


0.123 
0.139 
0.156 


0.181. 


0.195 
0.209 


167 
164 
158 
153 
148 
146 


- 141 
136 
- 131 


TOF 
124 
120 


115, 
110 
106 


102 
97 
93 


SATS 
179 
178 


-177 
-171 
'  — 166 


— 164 
-160 
— 157 


— 153 
= 154 
— 151 


— 153 
~— 156 
— 158 


~— 159 
— 162 
— 162 


4.083 
4.033 — 
4.000 


~ 4.014 
4.065 
4.036 


3.965 
3.930 
3.898 


3.899 
3.832 
3.735 


|. 3.647 
3.621 
3.602 


3.567 
3.442 
3.392 
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0.125 
0.127 
0.129 


0.129 
0.131 . 
0.132 


0.135 
0.136 
0.139 


0.143 
0.146. 
- 0.149 


0.151 
0.157 
0.162 


0.164 


0.168 
0.174 


6 

7 

8 
HE 


Fe 


13 
13 
12 


12 
12 
12 


0.078 
0.107 
0.131 


0.170. 
0.207 
0.242 


0.263 
0.288 
0.301 


0.325 
0.341 
0.350 


0.360 
0.373 
0.382 


0.401 
0.408 
0.415 


= 92 
= 95 


=99 
— 102 
~ 105 


— 104 
— 104 
— 103 - 


— 104 
— 105 
— 106 


— 107 
— 105 
— 106 


—105 
—105 
~ 102 


MWA0204, MWA0211,L, MWA0270 
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: Figure 7. Output Power at 1 dB Gain Compression 
versus Bias Current 


NINEIN ETT 


Pout, OUTPUT POWER (dBm) 
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Figure 8. Second and Third Order Intercept 


MMIC AMPLIFIER APPLICATIONS INFORMATION 


INOo——+ 


Chiock 


Rbias 


+ oF 
_ SUPPLY VOLTAGE 


}-——0 OUT 


_ Figure 9. Typical Biasing Configuration 


Operation — . 

Operation of the Monolithic Microwave Integrated Cir- 
cuit as an amplifier is achieved by simply connecting it 
to 50 ohm driving source and load impedances with dc 
blocking capacitors at both input and output. 


DC Bias 
' A positive voltage must be supplied to the device out- 
put terminal. Power supply decoupling elements must 


include resistive current limiting. Device input voltage at: 


the recommended operating current of 25 mA is typically 
5 Vdc. Rbias (Figure 9) is selected to permit the device 


to draw 25 mA. For example, when operating with a 12. 


Vdc supply: 


(12—5) 


0.025 — = 280 ohms 


Roias = 
~The nearest standard value. of 270 ohms would suffice. 
External Decoupling inpedanes 


In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 


_ the 50 © load impedance to minimize RF gain reduction. 


The loss in gain due to the decoupling im peaanee! is given 
by the equation: 


Loss = 20 Log ip B dB 


where “Fis = decoupling impedance in ohms. For exam- 
ple, if Zp = 1kQ, Loss = 0.214 dB. 

The RF choke is not mandatory, but including it 
improves gain by raising the dc supply voltage decou- 
pling impedance. 4 turns of #26 AWG enameled wire 
wound on a ferrite bead is suggested for the choke. 


Low Frequency Response _ 


The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner (fL FC). 


1 : 


CBlock( Feregs) = 100 = fLEC(Hz) 
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MOTOROLA 
== SEMICONDUCTOR EEE 
TECHNICAL DATA 


MWA0304 
| MWA0311,L 
MWA0370 


Monolithic Microwave 
Integrated Circuit 


... designed for narrow or wideband IF and RF applications in industrial and commercial 


systems up to 3 GHz. 


® 12 dB Gain at 500 MHz (Typ) 
@ Fully Cascadable 
® 50 © Input and Output Impedance 
@ Choice of Package Types 
® Low Cost 
@ Surface Mount 
® Hermetic 


Tape and Reel Packaging Options 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Circuit Current (Note 1) 
Input Power, RF 


RECOMMENDED OPERATING CONDITIONS 


THERMAL CHARACTERISTICS | . 


Thermal Resistance, Die to Case 


-. MWA0304 


_ Symbol 
| 


CC 


Storage Temperature 0304/0311,L Tstg —65 to + 150 i 
0370 —65 to +200 
Junction Temperature 0304/0311,L 2c 
~ 0370 


Ty 150 
200 


Available In Both Standard Profile (MWA0311) and Low Profile (MWA0311L) 


40 mAdc 


50 to 75 


MONOLITHIC 

MICROWAVE 

_ INTEGRATED 
CIRCUIT 


CASE 317-01, STYLE 3 
MWA0304 


CASE 318B-03, STYLE 4 
MWAO0311 


CASE 318A-04, STYLE 4 
MWAO0311L 


-D: 
3 
ad 


‘CASE 303A-01, STYLE 3 


MWA0370 


MWA0311,L 
MWA0370 - 


DEVICE MARKING 
MWAO0311,L = 14 
ELECTRICAL CHARACTERISTICS (Ta = 25°C, Icc = 35 mA, Zs = Z, = 509, unless specified otherwise) 
aera Characteristic ; 
Gain (f = 500 MHz) > 


Gain Flatness 
(f = 100 to 800 MHz — MWA0304/0311,L) 
(f = 100 to 1400 MHz — MWA0370) 


Note 1: Based on maximum junction temperature and assumed MTBF of at least 10 years. 
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_- Figure 1. Gain versus Frequency Be Figure 2. Noise Figure versus Frequency 


TYPICAL S-PARAMETERS — MWA0304 


PALS Le ae 
0.019 | 101 | 5.12 173 | 0.109 | —19.2 29 0.139 | ~7.0 
0.033 87 | 5.09 167 0.110 | -19.2 | 57 0.145 | -24 
75 Ce 3 


0.064 4.86 : 0.115 | -188 | 13 | 0.170 | -64 
1001 0.063» 67 | 4.27 | 12. : ‘| 0.134 | -17.5 | 24 0.244 | -107 
1200 |. 0.046 69 | 4.01 — 0144 | -169 | 26 | 0.272 | -118 


1400 | 0.026 86 3.76 0.155 — 16.2 27 0.298 | -126 |. 
1600 0.025 167 3.53 4 0.166 — 15.6 28 =| 0313 | -~131 
1800 |. 0.044 = 175 3.30 |..104 |. |. 0.179 — 14.9 28 . 0.325 ~ 135 


2000 | 0.062 | -171 3.13 76 «| «0192 | -143 | 28 0,331 | -138 
2200 | 0.077 | -177 | 297 | 94 68 | 0.205 | -13.8 27, | +0.327: | —140 
2400 | 0.087 177 | 282 | 90 61 0217 | -133 | 25 0.320 | -142 


2600 0.098 165 | 267 | #85 | 55 0.225 | -129 | 25 0.314 | -143 
2800 0.106 | 156 257 | 8.2 48 0.244 | -12.2 22 0.307 | —148 
3000 0.136. | 144 2.46 7, 42 0.243 | -123 | 19 0.286 | —151 
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Figure 3. Input VSWR versus Frequency Figure 4. Output VSWR versus Frequency 


TYPICAL S-PARAMETERS. — MWA0311,L 


Lz Lb Lit oes 
100 0.036 135 | 5.27 144 | 173 | 0.108 40 | 0.112 
200 0.053 | 111 5.21 14.3 166 0.109 8.0 0.115 
84 


500 -| 0.097 ‘| 4.90 13.8 147, | 0.115 | -18.8 18 | 0.123 | -57 
1000 | 0102 | 64 | 4.12 12.3 120 0.138 | -17.2 | 32 0.171 | ~-99- 
1200 | 0.080 57 “3.81 11.6 110 | 0.150 | ~165 36 0.195 | -106 - 
1400 | 0.051 1 45 3.54 11.0 | 102 0.164 | ~157 39 =| «0.217. | -109 
"1600 j 0.023 13 3.29 10.4 | 94 | 0.177 | ~151 | 41 0.235 | ~108 
1800 | 0.027 | —79 3.09 98 | 87 0.193 | -143 43 0.253 | ~-107 
2000 | 0.053 | —99 290 .| 9.2 |: 80 0.210 | -136 | 44 | 0.268 | -103 
2200 | 0.076 | -—107 | 2.74 87} 74 0.227 | -129 | 46 0.282 | -99 
2400 | 0.091 =111 2.57 82 | 67 0.245 | -122 | 47 0.301 | ~93 
2600 | 0.099 | -114 | 242 | 7.7 | 62 "| 0.260 | ~11.7 49 0.327 | -87 ~ 
2800 | 0.094 | -109 | 2.25 7.0 | 56 .| 0.295 | ~106 | 52 0.370 | -84 — 


2.15 67 | 62 0.326 | -9.7 $2 | «(0.391 —83 


3000 0.125 ~ 99 
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Figure 5. Reverse Isolation versus Frequency — Figure 6. Output Power versus Input Power 


—— S-PARAMETERS — MWA0370 


0.007 —111 5.07 14.1 176 0.110 2.0 0.141 -9.0 
0.010 —99 5.07 14.1 171 0.110 4.0 0.154 -27 


0.030 —97 5.01 14.0 | 157 0.114 | 18.9 0.215 — 64 
0.091 — 106 4.78 | 13.6 — 134 0.126 — 18.0 a6 0.353 — 96 
0.126 | —110 4.63 13.3 125 0.132. — 17.6 18 0.399 — 103 


0.165 4, 13.1 116 0.142 
0.203 ~ 118, 30. | 12.7 107 0.149 | 
0.236 | -122 | 41 12.3 100 0.160 — 


0.263 — 126 3.95 11.9 92 0.170. | -15.4 | 20. +} 0.489 | —119 
0.281 -~131 | 3.74 11.5 85 0.179 -—14.9 | 20 =| -.0.492 . - 120 
“0.288 ~— 135 | 3.56 11.0 78 0.190 — 14.4 19 — 0.491 | -121 


0.290 —141 3. 0. 72 0.195 | -14.2 19 0.477 
0.286 | -144 | 3. 10. 67 0.215 | -134 | 19 | 0.444 
(0.309 | -153 | 302 | 9. «69 0.212 | -135° | 16 -|° 0.386 | — 
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Figure 7. Output Power at 1 dB Gain Compression 
versus Bias Current 
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Figure 8. Second and Third Order Intercept 


MMIC AMPLIFIER APPLICATIONS INFORMATION | 


Rbias 


¥ SUPPLY VOLTAGE 


+— OUT 


— Cblock 


Figure 9. Typical Biasing Configuration 


Operation 
Operation of the Monolithic Microwave Integrated Cir- 


cuit as an amplifier.is. achieved by simply connecting it. 


to 50 ohm driving source and load impedances with dc 
blocking capacitors at both input and output. 


DC Bias | . 

A positive voltage must be supplied to ie device out- 
put terminal. Power supply decoupling elements must 
include resistive current limiting. Device input voltage at 
the recommended operating current of 35 mA is typically 
5 Vdc. Rpijas (Figure 9) is selected to permit the device 
to draw 35 mA. For example, when operating with a 12 
Vdc supply: 

(12-5) 


Rbias = 0.035. -_ 200 ohms 


External Decoupling Impedance 


In all cases the external bias (decoupling elements) 


must present an impedance which is large compared to 


_ the 50 2 load impedance to minimize RF gain reduction. 
. The loss in gain due to the decoupling impedance is given 
by the equation: . 


- Loss = 20 Log eo dB 


where Zp = decoupling impedance in ohms. For exam- 
ple, if Zp = 1k, Loss = 0.214 dB. | 

The RF choke is not mandatory, but including it 
improves gain by raising the dc supply voltage decou- 
pling impedance. 4 turns of #26 AWG enameled wire 
wound on a ferrite bead is suggested for the choke. 


Low Frequency Response 

The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low frequency corner (fL_FC). 


1 
CBlock(Farads) = F00 wh ec(Ha) iec(he) 
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MOTOROLA 
m= SEMICONDUCTOR 


TECHNICALDATA MWA110 


- MWAI20 — 
~ MWA130 © 


-DC-400 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIERS 


WIDEBAND HYBRID AMPLIFIERS — 


... single stage amplifiers designed for broadband linear applications 
up to 400 MHz. 


Low-Cost TO-39 Type Package _ 
Gain 14 dB Typ | 

50 Q Input ana Output Impedance 

Fully Cascadable for Any Gain 

Thin Film Construction 

Hermetic Package 

Guaranteed Performance from -25°C to +125°C 


MAXIMUM RATINGS sme2 fax 
PIN 1. INPUT 
Rati 2. OUTPUT 
“ 3.GROUND SEATING 
RF Input Power PLANE 


DC Supply Current : 
Maximum Case Temperature DA Ke 25 $$$ 


Storage Temperature Range | . —————— —6§5 to +200 ——————— 


OPERATING CONDITIONS 


Device Voltage 


Device Current 


Decoupling Impedance 


1, LEADS WITHIN 0.36 mm (0.014) DIA OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 


LIMETERS 


| MIN’ | MAX | 
| 861 | 940 | 
| 7.75 | 851 | 0305 | 0.335 _| 
| 381 | 457 


MIL 
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ELECTRICAL CHARACTERISTICS (T¢ = -25 to +125°C, 50 © system and specified operating conditions) 


Characteristic 


Frequency Range 


Power Gain - ak: . 
Response Flatness “ ; 
| Input VSWR. MWA110/120 


MWA130 
Output VSWR MWA110/120/130 
Output @ 1dB Gain Compression 


MWA110- 
MWA120 
MWA 130 


Noise Figure 
MWA110 
MWA120 
MWA130 


Reverse Isolation 
MWA110 
MWA120 
MWA130 


Harmonic Output . 
MWA110 (Poyt = -9 dBm) 
MWA120 (Poyt = 0 dBm) 
MWA 130 (Poyt = +10 dBm) 


FIGURE 1 — DEVICE VOLTAGE versus DEVICE CURRENT FIGURE 2 — DEVICE CURRENT versus CASE TEMPERATURE | 
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FIGURE 6 — POWER aap Br CASE TEMPERATURE 


FIGURE 5 — POWER si Riya TEMPERATURE 
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versus FREQUENCY 
— MWA110 © 


FIGURE 10 — INPUT AND OUTPUT IMPEDANCE. 


Coordinates in Ohms 


FIGURE 12 — INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
. MWA130 


Coordinates in Ohms 


FIGURE 11 — INPUT AND OUTPUT IMPEDANCE 
= oe versus FREQUENCY * 
MWA120 7 
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FIGURE 13 — 1.0 dB GAIN COMPRESSION versus FREQUENCY 
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FIGURE 14 — 1.0 dB GAIN COMPRESSION 


FIGURE 15 — 1.0 dB GAIN COMPRESSION | 
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FIGURE 17 — REVERSE ISOLATION versus FREQUENCY 
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FIGURE 21 — SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 25 — GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications. in 50 Q2 systems. 


Fully cascadable for any gain combination, operable at: 


voltages as low as 3 Vdc, and external control of the 


low frequency corner make the MWA amplifiers extremely 


versatile gain blocks. 


Basic Circuit Configuration 


Figure 26 shows the basic internal circuit. It is impor- 


tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to RM Ne the 
~ published electrical characteristics. : 


FIGURE 26 — INTERNAL CIRCUIT 


DC Supply 
° 90 and 
RF Output 


3 
~" Ground 


Amplifier Application . 

The circuit schematic for a simple amplifier’ design 
is shown in Figure 27. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 

_In-all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
- the 50 2 load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


Z 
al ee 
2p +25 
~ where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 kQ2, Loss = 0.214 dB. 


Loss = 20 Log 


_ FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM 


"VCC 


CBypass 


Decoupling 


we Impedance (Zp) 

Source . 500 
o——} : (—— Load 
Block CBlock 


Supply Voltage 

The value of the external decoupling resistive imped- 
ance (Rp) determines: the supply voltage Vcc) and is 
determined by the following equation: 


Vec= Rp. x ID+Vp 


where ID and Vp are the dévide current and voltage stated 


in the data sheet. For example, for MWA110, 


Ip= 10 mA 

VD = 2.9V 
and, if RD = 330 o then | 

Vcc =6.2V 


More commonly Vcc is predetermined and Rp may be 
calculated from: 7 
Vec - VD 

ID 
If an RF choke is “used for decoupling, then the supply 
voltage (VCC) required is equal to the device voltage 
(Vp): a 


Rp = 


. Low Frequency Response 


The value of the blocking capacitors determines the 


-low frequency response of the amplifier. The following 


expression is used to determine the blocking capacitor 
value to yield a desired 3 dB low eee corner 


(fLFC). 


CBlock(Farads): = ss ine Se 
— 100 7 FL EC (Hz) 
Bypass eacabitr . 

The reactive impedance a the By bak capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of Operation: 


MOTOROLA RF DEVICE DATA 


9-263 


MWA110, MWA120, MWA130 


FIGURE 28 — TEST FIXTURE 


Grounding Screws 


Blocking Capacitor 
(Ceramic Chip) 


Bypass Capacitor 


(Ceramic Chip) 


Circuit Board 


Lee Mounted on 


Aluminum Block 


TS 50 (2 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


+Vec Supply 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 


amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 


ensure effective RF grounding. 
Text Fixture 

The 50 £2 input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 £2 microstrip transmission lines. Figure 28 is 
an example of a circuit board layout which utilizes 
microstrip transmission lines in conjunction with oI! 
sound RF construction techniques. 

The characteristic impedance ‘and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and_ thickness. The table lists appro- 
priate line widths for 50 82 microstrip lines on commonly 
used circuit board materials. . | 


DIELECTRIC LINE 
MATERIAL | DIELECTRIC THICKNESS WIDTH 
CONSTANT INCHES INCHES 


Teflon- 0.03125 


Fiberglass 0.0625 


Fiberglass- oO 0.0625 
Epoxy 


As in all good RF circuit designs, care should be 
taken to minimize parasitic lead inductances and to 
provide adequate grounding. 


FIGURE 29 — TYPICAL CASCADE 


U1 L2 
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MWA #1 MWA #2 


(-S-<RF Output 
C1 ud 


MWA #3 


The dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin #3 (Ground) as short as 
_ possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. ; 


C1 — For operation to 400 MHz, 1000 pF, 50 mil Chip Capacitor - 
ATC 50 mil Case (5.0 MHz L.F.) 

C1 — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for 
0.25 MHz L.F. Cut-Off 

C2 — Feedthru Capacitor Centralab SFT-102, 1000 pF or Metuchen 
54-794002-681M, 680 pF 

C3 — 0.1 uF Sprague 3CZ5U104X0050C5 - 50 Volt 

L1 — Ferroxcube Shielding Bead 56-590-65/4A — Single Wire 

L2 — Ferroxcube eels Bead 56-590-65/4A — 2 Turns #26 AWG 


Cascading 

The inherent faut of the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 29 shows a typical 3 hybrid 
cascade with measured data fo: 400 MHz and 1000 MHz 
hybrids. | 
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P| ascaet | Cascade? 


Frequency Range 0.25 to 400 MHz 5.0 to 1000 MHz 
43.5 dB 20.5 dB 
+1.0dB +0.75 dB 
2.0:1 2.4:1 


' Gain 


-Gain Flatness 
input VSWR 


Output VSWR 1.2:1 2.1:1 
Vec Supply 12 Vde 33 Vde 
| Supply 44 mAdc 150 mAdc 


MWA320 
~ MWA330 
MWA330 
1000 2 
500 2 
500 2 


MWA110. 
MWA110 


MWA120 
1000 2 


1000 2 
300 2 


MWA #1 
MWA #2 
MWA #3 
R1 
R2 
R3 


EVICE DATA 
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... single stage amplifiers designed for broadband linear applications : is | 
~up to 600 MHz. | | | | oe 
Low-Cost TO-39 Type Package 
~Gain 10 dB Typ | 
50 Q Input and. Output Impedance 
Fully Cascadable for Any Gain 
Thin Film Construction | 
Hermetic Package 


_ Guaranteed Performance from -25°C to +100°C 
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FIGURE 10 — iNPUT AND GUTPUT iMPEDAWNCE versus 
FREQUENCY MWA210 
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FIGURE 14 — 1.0 dB GAIN COMPRESSION 
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FIGURE 17 — REVERSE ISOLATION versus FREQUENCY 
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FIGURE 21 — SECOND. AND THIRD ORDER INTERCEPT 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 


wideband general purpose applications in 50 {2 systems. 


Fully cascadable for any gain combination, operable at 


“voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA: ‘amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure 26 shows the basic internal circuit. It is impor- 

tant to note that the specified operating conditions of 

voltage, current, and external decoupling impedance 


must be applied to the units in order to achieve the 


published electrical characteristics. 


FIGURE 26 — INTERNAL CIRCUIT 


~; DC Supply 
29 and — os 
RF Output ©. -- 


Ground 


Amplifier Application 


The circuit schematic for a- Seable aniplitige design 


is shown in Figure 27. External to the MWA ypu 
amplifier the only components required are: 


Pecoupiig elements — Bypass Capacitor 
‘Decoupling Impedance 
(resistor/inductor) 

DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 

In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
_ the 50 22 load impedance to. minimize RF gain reduction. 


The loss in gain due to the aecoupling impedance is given - 


by the equation: 


ZD 


Loss = 20 Log ; ———— dB 
Zp + 25 


where Zp = decoupling impedance in ohms. per example, 
if 20: = 1kQQ2, Loss = 0. 214 dB. 


FIGURE 27 — AMPLIFIER SCHEMATIC DIAGRAM | 
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_ The value of the oieinal ‘decoupling resistive ‘imped- 
ance (Rp) determines the supply voltage (+Vec) and iS 
determined by the following equation: 


Vcc =Rp x Ip +VD 


where ID and Vp are the device current and voltage stated 


in ie data sheet. For example, for MWA1 10, 


a = 10 mA 
=2.9V 


and, if Rp = 33082, then | 
Voc =6.2V. 


More Soninionly VCC Is ee and Rp may be: 


_ calculated from: 


_ Vec- VD 

ID 
If an RF enews is used for decoupling, then the supply . 
voltage (Vcc) scouted: is oe to the device voltage 


(Vp). 


Low prequency: Response 


The. value of the -blocking: capacitors determines ‘the 


low frequency response of the amplifier. The - following 


expression is used to determine the blocking capacitor 
value to yield. a desired 3 a8: low Trequency corner 


ALEC) 


ie 


or ie tAGS —— 
Block : "100° FLFoTral 


| Bypass Cspanior 


5- o71 


The reactive Peocdance of the Pe capacitor should | 


be small compared to the impedance of the decoupling 


element at the lowest frequency of. operation. 
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- FIGURE 28 — TEST FIXTURE 


G rou ndi ing Screws 


Circuit Board 
Mounted on 


; : Aluminum Block 
_Blocking Capacitor 


(Ceramic Chip) 


“~~ 50.92 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


Bypass Capacitor 
(Ceramic Chip) 


+ Vec Supply 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins. The case of the amplifier should contact the printed circuit board top Suitaee to 
ensure effective RF grounding. ' 
Text Fixture 
The 50 2 input/output impedance levels of the MWA 
DIELECTRIC LINE 


hybrids are most easily preserved on a circuit’ board by MATERIAL | DIELECTRIC THICKNESS WIDTH 
using 50 Q microstrip transmission lines. Figure 28 is TYPE CONSTANT INCHES INCHES 


an example of a circuit board layout which utilizes Teflon- 2.5) 0.03125 
: : bes : ; : . ' Fiberglass 0.0625 
microstrip transmission lines in conjunction with other 


sound RF construction techniques. . 
The characteristic impedance and corresponding fie 
width of the microstrip are a function of the circuit board ar 
dielectric constant and thickness. The table lists appro- As in all good RF circuit designs, care should be 


priate line widths for 50 22 microstrip lines on commonly taken to minimize parasitic lead inductances and to 


used circuit board materials. ak provide adequate grounding. 


FIGURE 29 — TYPICAL CASCADE | 
L2 (an L2 
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Tse? ae C2 a C2 
Ps ye = > = Pe 
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RF Input >—S——_ 1t-S<e Output 
ut C1 C1 
i MWA #1 MWA #2 | MWA #3 


The dc isélation components shown are Critical in maintaining good stability in multi-stage designs. eas Pin #3 (Ground) as short as 
possible preferably soldering. the case to the ground plane for best gain flatness to 1000 MHz. 


C1 — For operation to 400 MHz, 1000 pF, 50 mil Chip Capacitor - oe a ee ee 
ATC 50 mil Case (5.0 MHz LF.) Caen pascede2 


C1 — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for Frequency Range | 0.25 to 400 MHz | 5.0 to 1000 MHz 
0.25 MHz L.F. Cut-Off Gain . 43.5 dB - 20.5 dB 
c2 — Seren Sere SFT-102, 1000 pF or Metuchen -’ Gain Flatness -#1.0dB +0.75 dB 
C3 — 0.1 uF Sprague 3CZ5U104X0050CS - 60 Volt : ana t oo eee 
L1 — Ferroxcube Shielding Bead 56-590-65/4A - Single Wire Suc veNe ea ate 
L2 — Ferroxcube Shielding | Bead 56-590-65/4A - 2 Turns #26 AWG Vcc Supply 12 Vde 33 Vde 
| Supply “a4mAdc | 150 mAdc 
Cascading : | MWA #1 MWA110 MWA320 
The inherent stability of the MWA hybrid modules MWA #2 MWA110 _ MWA330 
makes possible the cascading of two or more units with MWA #3 MWA120 MWA330 
no oscillatory problems. Figure 29 shows a typical 3 R1 1000 2 1000 2 
hybrid cascade with measured data for 400 MHz and R2 1000 2 500 2 
1000 MHz hybrids. R3 300 2 500 2 
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WIDEBAND HYBRID AMPLIFIERS 


... single stage amplifiers designed for broadband linear applications 
up to 1000 MHz. : 


@ Low-Cost TO-39 Type Package 


Gain — 8.0 dB Typ MWA310/320 
— 6.2 dB Typ MWA330 


50 2Q Input and Output Impedance 
Fully Cascadable for Any Gain 
Thin Film Construction 

Hermetic Package | 


Guaranteed Performance from -25°C to +80°C 


MAXIMUM RATINGS _ 
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DC-1000 MHz WIDEBAND 
GENERAL-PURPOSE | 
HYBRID AMPLIFIERS 


STYLE2: 
PIN 1, INPUT 
2, OUTPUT - 
3. GROUND © seaming. |] 


PLANE 


NOTE: = . : 
~~], LEADS WITHIN 0.36 mm (0.014) DIA OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 

MATERIAL CONDITION. a 


MILLIMETERS | INCHES | 


| MIN | MAX | 
| 0.335 | 0.370 | 
| 0305 | 0.335 | 
| 0.150 | 0.180 | 
| 0016 | 0.019 | 
| 0.028 | 0.034_| 
| 0.029 | 0.045 _| 
| 0500 | — | 
Laps | 
| 0.100 BSC_| 


45° BSC 


0.100 BSC 
CASE 31A-01 


MWA310, MWA320, MWA330 


ELECTRICAL CHARACTERISTICS (Tc = -25 to +80°C, 50 & system and specified operating conditions) 
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FIGURE 6 — POWER GAIN versus CASE TEMPERATURE 


FIGURE 5 — POWER GAIN versus CASE TEMPERATURE 
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FIGURE 11 — OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 13 — OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 18 — 1.0 dB GAIN oti” 


FIGURE 17 — 1.0 dB GAIN COMPRESSION 
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FIGURE 21 — SECOND HARMONIC OUTPUT versus FREQUENCY 
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SECOND AND THIRD ORDER INTERCEPT 


SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 23 
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FIGURE 25 — INTERMODULATION DISTORTION | 
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FIGURE 28 — GROUP DELAY versus FREQUENCY 
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_ MWA SERIES HYBRID.AMPLIFIER APPLICATIONS INFORMATION | 


The MWA series hybrid amplifiers are designed for. 


wideband general purpose applications in 50 Q systems. 
Fully cascadable for any gain combination, operable at 


voltages as low as 3 Vdc, and external control of the: 


low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration — 


Figure 29 shows the basic internal circuit. It is impor- 


tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must be applied to the units in order to achieve the 
published electrical shianacteistics 


rlenne 29 — - INTERNAL CIRCUIT 


DC Supply 
2 O and 
RF Output - 


~ Ground 


Amplifier Application 

The circuit schematic for a simple amplifier design 
is shown in Figure 30. External to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements — Bypass Capacitor 
_ Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitors at the RF input and output. 


External Decoupling jnipedante . 

In all cases the external bias scotpling elements) 
must present an impedance which is large compared to 
the 50 Q load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


2D 
2p + 25 
where Zp = decoupling impedance in ohms. For example, 
if Zp = 1 kQ, Loss = 0.214 dB. 


Loss = 20 Log dB 


FIGURE 30 — AMPLIFIER SCHEMATIC DIAGRAM 
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Supply Jaitage 

The value of the iveainal decoupling resistive imped- 
ance (Rp) determines the supply vole (+Vcc) and is. 
determined by the following equation:.- 


Vec=Rp x Ip + VD 
where Ip and Vp are the. device current and voltage ated 
in the data sheet. For example, for MWA110, 


Ip=10mA 
Vp =2.9V 
and, if Rb = 330 22, then . 
Vcc =6.2V 


More commonly Vcc is predetermined and Rp may be 
calculated from: 
: _ Vcc - Vb 

ID 
If an RF choke is used for decoupling, then the supply 
voltage (Vcc) required is equal to the device voltage 
(Vp). 


_ Low Frequency Response 


The value of the blocking capacitors determines the 


low frequency response of the amplifier. The following 


expression is used to determine: the blocking capacitor 
value to yield a desired a dB low frequency corner 
(fLFC). 
CBlock(Farads) = ee eh ee 
7 100 7 fLFC(Hz). 
Bypass Capacitor 
The reactive impedance of fig Bane capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation: 
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FIGURE 31 — TEST FIXTURE 


Grounding Screws 


Circuit Board 
Mounted on 


; _ Aluminum Block 
Blocking Capacitor % 


(Ceramic Chip) 


50 2 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 

Bypass Capacitor 

(Ceramic Chip) 


+Vec Supply 


Note: The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins. The case of the amplifier should contact the printed circuit board top surface to 
ensure effective RF grounding. 
Text Fixture 
The 50 Q input/output impedance levels of the MWA = 
DIELECTRIC LINE 


hybrids are most easily preserved on a circuit board by MATERIAL | DIELECTRIC THICKNESS WIDTH 
using 50 2 microstrip transmission lines. Figure 31 is TYPE - CONSTANT INCHES INCHES 


an example of a.circuit board layout which utilizes Teflon- 0.03125 0.090 
‘ ‘ a ‘ 3 A F ; Fiberglass : 0.0625 0.180 
microstrip transmission lines in conjunction with other 


sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board . 
dielectric constant and thickness. The table lists appro- As in all good RF circuit designs, care should be 


priate line widths for 50 Q microstrip lines on commonly taken to minimize parasitic lead inductances and to 
used circuit board materials. ar ee provide adequate grounding. 


FIGURE 32 — TYPICAL CASCADE 


a 2 i L2 fare 2 
id 1} | 7} & ca O+VCC 
-C3 O C3 O . C3 O 
oe C2. TT T,c2 eee le C2. 
ie ae ee cs aa 
R1 R2 oa R3 
RF aera : , (—S—< RF Output 
| ue » C1. C1 * C1 ats 
 MWA#1 . MWA #2 MWA #3» - 


The ‘dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin #3 (Ground) as eran as 
possinle preferably soldering the case to the around plane for best gain flatness to 1000 MHz. 


C1 — For operation to 400 MHz, 1000 pF, 50 mil Chip Capacitor - : , 
ATC 50 mil Case (5.0 MHz LF.) Cascade 1 


C1 — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for Frequency Range | 0.25 to 400 MHz | _ 5.0 to 1000 MHz 
0.25 MHz L.F. Cut-Off Gain. . 43.5dB 20.8 dB 
C2 — Bre pen niny eoueee SFT- 102, 1000 pF or Metuchen Gain. Fiatnese +1.0dB +£0.75 dB 
p R «99: 
C3 — 0.1 uF Sprague 3CZ5U104X0050C5 - 50 Volt se ak , eo 2.4:1 
L1 — Ferroxcube Shielding Bead 56-590-65,/4A - Single Wire Stee © 720 2.1:1 
L2 — Ferroxcube Shielding Bead 56-590-65/4A - 2 Turns #26 AWG Vcc Supply (12Vde 33 Vide 
ty x ae 7 wa | Supply | _ 44 mAdc 150 mAdc 
Cascading 7. | | 7 MWA #1 ? MWA110 MWA320 
The inherent stability of the MWA hybrid modules ee MWA110 / MWA330 


MWA #3 MWA120 MWA330 
R1 1000 2 1000 2 
R2 1000 2 500 2 


makes possible the cascading of two or more units with 
no oscillatory problems. Figure 32 shows a typical 3 
hybrid cascade with measured data for 400 MHz and 
1000 MHz hybrids. = == stoke 
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MOTOROLA 
m@ SEMICONDUCTOR ey ee 
TECHNICAL DATA 7 - es fe MWAS121. 


30-890 MHz WIDEBAND 
GENERAL- PURPOSE. 
_ HYBRID AMPLIFIER 


WIDEBAND HYBRID AMPLIFIER 


P . Three stage amplifier designed for broadband linear appli- 
cations up to 900 MHz. 

@ Gain 27 dB Typ 

@ Complete Gain Block; Requires No External Components 

®@ Thick Film Construction 

@ Low Noise Figure 4.0dBTyp — | 

@ Low Intermodulation Distortion IM2 = ~45 dB, IM3 = = —59dB 


~ CASE 790-01, STYLE 1 
PLASTIC 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


[supp vonage Mee 
[circuit Curent | to | 


_ 89,10 — * GROUND 


NOTES: . 
1. TIS BOTH A SEATING PLANE AND DATUM SURFACE. 
2. oe TOLERANCE FOR LEADS (H DIMENSION): 


0.15 (0.006) @ | T 


nti TOLERANCE FOR LEADS (D DIMENSION): 


0.25 (0.010) @{T} 
3, re AND TOLERANCING PER ANSI 
145M, 1982, 
4. CONTROLLING DIMENSION: INCH. 


roe 
Supply Voltage Pe wear a +18 to +22 
Source Impedance {28 50 to 75 


Load Impedance 50 to 75 
Operating Temperature —10 to +40 
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MWA5121 


N oN N 

xr} x i: : 
rE SiS 
OQ fom] oS. 


‘ FREQUENCY (MHz) 


COMPRESSION versus SUPPLY VOLTAGE 
SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — OUTPUT POWER AT 1.0 dB GAIN 
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FIGURE 2 — GAIN AND NOISE FIGURE versus FREQUENCY 
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MWA5121 


FIGURE 6 — CURRENT DRAIN versus SUPPLY VOLTAGE _ 


FIGURE 5 — GAIN versus SUPPLY VOLTAGE 
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FIGURE 8 — TYPICAL INPUT AND sueplir. 


FIGURE 7 — INPUT AND OUTPUT VSWR versus FREQUENCY 


_ VSWR CHARACTERISTICS 
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| f, FREQUENCY (MHz) 
FIGURE 9 — SECOND ORDER INTERMODULATION DISTORTION 
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FIGURE 10 — THIRD ORDER INTERMODULATION DISTORTION 
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MWAS5121 — 


DESCRIPTION AND APPLICATIONS —™ | FIGURE 11 — AMPLIFIER CONFIGURATION 


The MWA5121 is a thick-film hybrid circuit designed 
for general purpose amplifier applications in the 30 to + Vcc 


890 MHz band. Features are low-noise, flat-gain and 
low-distortion. The MWA5121 is designed to serve as a 
broadband, linear gain block with excellent perfor- 
mance in both 50 and 75 ohm systems. The MWA5121 
is a complete circuit that requires no additional com- 
ponents or adjustments. Reliability and performance 
uniformity are assured by gold metallized transistors 
and pungent ually: control procedures. 


THERMAL DESIGN CONSIDERATIONS 

The MWAS5121 does not require a thermal radiator; 
however, it is necessary to keep the ambient tempera- 
ture between —30 to +85°C. 


HANDLING PRECAUTIONS 
poldening must be pee under the following conditions: 


eo Hand soldering: | 2.4 mm minimum — the root of the leads at 260°C maximum 
for 2 seconds (per me! maximum. : 


@ Solder dip: 2.5 mm minimum from the root of the leads at 260°C maximum 
for 5 seconds (total) maximum. 


If an. unknown feapedance) is connected, caution should be exercised against oscillations. Be sure to isolate the input 


and output and adequate grounding must be provided. Remember, the MWA5121 is packaged in resin and unnecessary 
problems may occur when other circuit elements are allowed to couple through the unshielded IC. 
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MOTOROLA 


mae SEMICONDUCTOR eran 
TECHNICAL DATA 


banal Hybrid Amplifier — | MWA5157 


. three stage amplifier assignee for broadband linear applications up to | 


900 MHz. 

@ Gain 24 dB Typical ; _ 

® Complete Gain Block; Requires. No External Components so? 30-890 MHz WIDEBAND 
'@ Thick Film Construction . hoe | .GENERAL-PURPOSE 


- @ Low Noise Figure 5 dB Typical - Se | a HYBRID AMPLIFIER 
® Low Intermodulation Distortion IMz = —45 dB, IM3 = —59 dB ee ae _ 
@ Supply Voltage = 12 V Nominal 


CASE 790-01, STYLE 1 
: PLASTIC | 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


ae 
ae ee a 
Te es 
ce 
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10 to 14 
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MIWA5157 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12 V, 2s = Z| = 50 9, unless specified otherwise) . 


Characteristic Symbol Min Typ 


Operating Current. Icc 33 43 


Gain Flatness  (f = 30 to 890 MHz, Z 
(f = 30 to 890 MHz, Z 


(f = 30 to 890 MHz, Zc = 
(f = 30 to 890 MHz, Zo = 


Input VSWR 


“Noise Figure — (f = 30 to 300 MHz) 
(f = 300 to 890 MHz) 


GAIN (dB) 
GAIN (dB) 


NOISE FIGURE (dB) 
NOISE FIGURE (dB) 


WEEE 
SERSIER: 
Peeel ees 
fe eae 
ela 


f, FREQUENCY (MHz) : f, FREQUENCY (MHz) 


Figure 1. Gain and Noise Figure versus Frequency Figure 2. Gain and Noise Figure versus Frequency 
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OUTPUT POWER (dBm) 
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f, FREQUENCY (MHz) SUPPLY VOLTAGE (V) 
Figure 3. Output Power at 1 dB Gain Compression Figure 4. Output Power at 1 dB Gain Compression 
versus Frequency versus Supply Voltage 


MOTOROLA RF DEVICE DATA 


5-286 — 


MWAS5157 
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Figure 6. Current Drain versus Supa Voltage 


Figure 5. Gain versus Supply Voltage 
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Figure 8. Input and Output VSWR 


Figure 7. Input and Output VSWR versus Frequency 
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Figure 10. Third Order Intermodulation Distortion 
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fo = 211.25 MHz (CH 13) 


fq = 55.25 MHz (CH 2) 


Figure 9. Second Order Intermodulation Distortion 
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DESCRIPTION AND APPLICATIONS 


~The MWA5157 is a thick-film hybrid circuit designed for 
general purpose amplifier applications in the 30 to 890 
MHz band. Features are low-noise, flat-gain and low- 
distortion. The MWA5157 is designed to serve as a broad- 
band, linear gain block with excellent performance in 
both 50 and 75 ohm systems. The MWA5157 is acomplete 
circuit that requires no additional components or adjust- 
ments. Reliability and performance uniformity are as- 
sured by gold metallized transistors and stringent quality 
control procedures. 


THERMAL DESIGN CONSIDERATIONS 


The MWA5157 does not require a thermal radiator; 
however, it is necessary to keep the ambient temperature 
between ~—30 to +85°C. 


HANDLING PRECAUTIONS Figure 11. Amplifier Configuration 


Soldering must be performed under the following 
conditions: 


@ Hand soldering: 2.4 mm minimum from the root of 


the leads at 260°C maximum for 2 If an unknown impedance is connected, caution should 
seconds (per line) maximum. be exercised against oscillations. Be sure to isolate the 
| ; _ input and output and adequate grounding must be pro- 
@ Solder dip: 2.5 mm minimum from the root of vided. Remember, the MWA5157 is packaged in resin and - 
the leads at 260°C maximum for 5 unnecessary problems may occur when other circuit ele- 


seconds (total) maximum. ments are allowed to couple through the unshielded IC. 
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MOTOROLA ee ee 
m” SEMICONDO A rrr 
TECHNICAL DATA oe ae re ee | | 

MX20-1 
The RF Line | | sgt MX20-2 
UHF Power Amplifiers | | ~MX20-3 
... designed for wide power range control as saeauniered in UHF cellular radio 
applications. 


| 3 ” : 20 WATTS 
@ MX20-1 400-440 MHz. - | 400-490 MHz 


MX20-2 440-470 MHz oo. RF POWER AMPLIFIERS 
MX20-3. 470-490 MHz 


@ Specified 12.5 V, UHF Characteristics — 
Output Power — 20 W “.% 4 
Minimum Gain — 21 dB 
Harmonics — —40 dBc Max 

@ 50 Ohm Input/Output Impedances 

@ Guaranteed Stability and Ruggedness 


| MVM 
CASE 830-01, STYLE 1 


[symbot [| Valwe «| Une 
DC Supply Voltages . 
Opérating Case Temperature Range 
Storage Temperature Range °C 


THERMAL CHARACTERISTICS 


MAXIMUM RATINGS 


Characteristic 


Thermal Resistance, Junction to Flange 


Characteristic 


Frequency Range MX20-1 
MX20-2 
MX20-3 


Input Power (Po = 20 W) 


Power Gain (Pg = 20 W) | 
Efficiency (Pp = 20 W) : 


Input Return Loss 


Power Derating 
(Po = 20 W, Tc = 25°C Ref.) 
30°C to + 70°C 


Load Mismatch : 
(Vcc = 15.6 V, Po < 30 W, Pin =< 200 mW, 
Load VSWR 20:1, All Phase Angles) 
Stability All spurious outputs 
(Pin — 0 to 200 mW; Load Mismatch 4:1; Vcc2 = 0 to 15.6 Vdc; more than 70 dB below 
Vcc1 adjusted to keep Pg = 20 W) _ ___ desired signal 


_ No change in Pout _ 
Before and After Test 


Gain Control Range 
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MX20-1, MX20-2, MX20-3 


+Vec1 +Vcc2 
RF INPUT ae Pe See RF OUTPUT 
47 yk i. ed ix 
1 aE | 0.1 yr | 
[I-K \ 


€ -—e BIAS 
BIAS BIAS 
BANDPASS BANDPASS BANDPASS | 


MATCHING MATCHING MATCHING 
‘NETWORK NETWORK . NETWORK 


LOWPASS 
MATCHING 
NETWORK 


PREDRIVER DRIVER FINAL 


L1, L2 FERROXCUBE VK200 (IF NECESSARY) 


Figure 1. UHF Module Test Setup 
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MX20-1, MX20-2, MX20-3 
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_ MOTORCLA | | | ee _ 
TECHNICAL DATA 


The RF Line a ; 
Linear Power Amplifier. 


... designed for wideband linear applications in the 800-1000 MHz frequency range. 
This solid state, Class A amplifier incorporates microstrip circuit technology and high 
performance, gold metallized transistors to provide a complete broadband, linear ampli- 


PAM0810-24-3L 


fier operating from a supply voltage of 24 volts. | : 3 WATTS 

@ Specified Vcc = 24 Volt and Tc = 25°C Characteristics: . | 800-1000 MHz 
Frequency Range — 800 to 1000 MHz . LINEAR 
Output Power — 3.2 W PEP (Typ) @ —32 dB IMD | RF POWER 
Power Gain, Small-Signal — 26 dB Typ @ f = 1000 MH AMPLIFIER. 


ITO — 45 dBm Typ @ f = 1000 MHz ; 
@ 50 Ohm Input/Output Impedance . . 
@ Heavy Duty Machined Housing , 
@ Gold Metallized Transistors for Improved Reliability © 


MAXIMUM RATINGS 


[Cig 
anon aoe alee es ae 


[Smal-Signal Gain = 600-1000 ———SSSSSSSCS*d SCs 
: 


[Gain Fatess = OOOOH 


Third Order Intercept Point (f = 800-1000 MHz) . . ITO 
(See Figure 1) 


Noise Figure (f = 800-1000 MHz) a : 


No Degradation 
in Performance 


Peak Envelope Power for Two Tone Distortion Test 
(See Figure 1, f = 800-1000 MHz @ —32 dB IMD) ; 


Ito = Po + ~ @ IMD > 60dB 
PEP = 4x Po @ IMD = -32dB 


Figure 1. 2-Tone Intermodulation Test 
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MOTOROLA 


m@ SEMICONDUCTOR NL TT 
TECHNICAL DATA 


The RF Line SHP02-36-20) 


Linear Power Amplifier | 


. designed for wideband linear applications in the 1 to 200 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- | 
mance, gold metallized transistors to provide a complete broadband, linear amplifier. . 
operating from a supply voltage of 28 volts. 


 2WATTS: — 
1-200 MHz — 
~ LINEAR 
ee ae ‘POWER: — 

® Specified Vcc = 28 Volt and Tc = 25°C Characteristics: re. ae ve - AMPLIFIER — - 
Frequency Range — 1 to 200 MHz MS age [ae 
Output Power — 2 W Typ @ 1 GB Gain Conprsscion f = 100 MHz 
Power Gain — 36 dB Typ @ f = 100 MHz 
ITO — 51 dBm Typ @ f = 100 MHz 

@ 50 Ohm Input/Output Impedance 

@ Heavy Duty Machined Housing 

© Gold Metallized Transistors for Improved Reliability 


SHP : 
CASE 389A-01, STYLE 1. 


MAXIMUM RATINGS 


Supply Voltage © 
RF Power Input 


Storage Temperature ance 
Operating Temperature Range 
ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 28 V, 500 system unless otherwise noted) 


Characteristic 


ee roa 
[an Femee AW = aoo 
[newoume vew = ame) 


Output Power @ 1 dB Gain Compression (f = 100 MHz) 
. (f = 200 MHz) 


Third Order Intercept Point (f = 100 MHz) 
(f = 200 MHz) 


Noise Figure (f = 100 MHz) 
(f = 200 MHz) 
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MOTOROLA 
m@ SEMICONDUCTOR 
TECHNICAL DATA 


ee tee SHPO5-20-10 
The RF Line a a 
Linear Power Amplifier 


_. designed for wideband linear applications i in the 30 to 500 MHz frequency range. This 1 WATT 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- 30-500 MHz — 
mance, gold metallized transistors to provide a complete broadband, linear amplifier | ~ LINEAR 
operating from a supply voltage of 24 volts. POWER 


© Specified Vcc = 24 Volt and Tc = 25°C Characteristics: baa | | ee 
Frequency Range — 30 to 500 MHz a | 
Output Power — 1 W Typ @ 1 dB Gain Compression, f = 100 MHz 
Power Gain — 20 dB Typ @ f = 50 MHz 
ITO — 49 dBm Typ @ f = 300 MHz 
Noise Figure — 6 dB Typ @ f = 500 MHz 

@ 50 Ohm Input/Output Impedance 

@ Heavy Duty Machined Housing 

® Gold Metallized Transistors for Improved Reliability 

@ Moisture Resistant, EM! Shielded Package 


MAXIMUM RATINGS 


[eer Ysosrengs es 


[siei Gimenes ee 
Power Gain a = 50 bile . 


inoue VSWR (f = - 30-500 MHz) 


Output Power @ ‘1 dB Gain Compression (f = 300 MHz) 
(f = 500 MHz) 


Third Order Intercept Point (f = 300 MHz) 
(f = 500 Miz) 


Noise Figure (f = 300 MHz) 
(f = 500 MHz) 
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MOTOROLA —s__™ eee eC e on eee 
m= SEMICONDUCTOR Sg 
TECHNICAL DATA | eee 


Seige Rabo) SHP05-22-04 
The RF Line | ere ok 
Linear Power Amplifier 


... designed for wideband linear applications in the 30-450 MHz frequency range. This 4.2 WATT - 


solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- - 30 TO 450 MHz - 
mance, gold metallized transistors to provide a complete broadband, linear amplifier '. LINEAR: 
operating from a supply voltage of 24 volts. | ' Bade POWER 


® Specified Vcc = 24 Volt and Tc = 25°C Characteristics: . - 3 : ge ONESIES 
Frequency Range — 30 to 450 MHz ae a 
Output Power — 1.2 W Typ @ 1 dB Gain Compression, f = 300 MHz 
Power Gain — 22 dB Typ @ f = 50 MHz . 
ITO — 39 dBm Typ @ f = 450 MHz 
Noise Figure — 6 dB Typ @ f = 450 MHz 

© 50 Ohm Input/Output Impedance | 

@ Heavy Duty Machined Housing 

© Gold Metallized Transistors for Improved Reliability 

@ Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS | 
DC Supply Voltage i 
RF Power Input 2" Pie 4 
Operating Case Temperature Range 2 — 40 to+85 <-}. %. 
Storage Temperature Range oS —55 to +100 sg 


ee 
a 
[Gein Famons(Poakio-Pook = s0-as0 MH) ———SCS~C~“‘“dtCSCSSS*SC 


Noise Figure, Broadband (f = 300 MHz) 
| cae (f = 450 MHz) 


Power Output — 1 dB Compression (f = 300 MHz): 
. ’ (f = 450 MHz) 


(f = 300 MHz) 


Third Order Intercept 
(See Figure 1) ~ (f = 450 MHz) | 


Input/Output VSWR (f = 30-450 MHz) vswR | —. [| 12:1 | 15:1 | | 


PC) sme te me ma ut ey cy Set San Se OF DO 


Ito = Po +e@ IMD > 6048 
PEP = 4X Po @ IMD = ~32dB 


Figure 1. Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-295 


MOTOROLA ae | 
TECHNICAL DATA | ; 


Pe es SHP05-34-04 
(The RF Line | es ote 
Linear Power Amplifier 


... designed for: wideband linear applications in the 30 to 450 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- 
‘mance, gold metallized transistors to provide a complete broadband, linear amplifier | 
operating from a supply voltage of 24 volts. . 
@ Specified Vcc = 24 Volt and Tc = 25°C Characteristics: 

Frequency Range — 30 to 450 MHz 

- Output Power — 1 W Typ @ 1 dB Gain Compression, f = 300 MHz 

Power Gain — 34 dB Typ @ f = 50 MHz 

ITO — 38 dBm Typ @ f = 450 MHz 

Noise Figure — 6 dB Typ @ f = 450 MHz 
@ 50 Ohm Input/Output Impedance 
@ Heavy Duty Machined Housing | 
® Gold Metallized Transistors for Improved Reliability 
© Moisture Resistant, EMI Shielded Package 


1 WATT 
30-450 MHz 
‘LINEAR 
-’ POWER 
- AMPLIFIER 


SHP 
CASE 389A-01, STYLE 1 


MAXIMUM RATINGS 


Chaastrtis |S 
[Sipe curentveo= aM 
[Power Gein t= s0MH) 
a 
ee 
= 


Gain Slope (f = 30-450 MHz) 
Gain Flatness (P-P around slope) (f = 30-450 MHz) 


Input/Output VSWR (f = 30-450 MHz) 


Output Power @ 1 dB Gain Compression (f = 300 MHz) 
. (f = 450 MHz) 


(f = 300 MHz) 
: _(f = 450 MHz) 
Noise Figure (f= 300 MHz) 
(f = 450 MHz) 


Third Order Intercept Point 


MOTOROLA RF DEVICE DATA 


5-296 


MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 30-550 MHz frequency range. This | ape 3 1.2 WATT. | 


SHPO6-18-04 


solid state, Class A amplifier incorporates microstrip circuit technology. and high perfor- |- 3070550 MHz. 
mance, gold metallized transistors to provide a complete broadband, linear amplifier. - . LINEAR 
operating from a supply voltage of 24 volts. . 7 . - -. POWER 

® Specified Vcc = 24 Volt and Tc = 25°C Characteristics: _ | tig _ AMPLIFIER 


Frequency Range — 30 to 550 MHz | 
_ Output Power — 1.2 W Typ @ 1 dB Gain Compression, f = 300-MHz 
Power Gain — 18 dB Typ @ f = 50 MHz 
ITO — 45 dBm Typ @ f = 300 MHz 
_ Noise Figure — 7.5 dB Typ @ f = 550 MHz 
@ 50 Ohm Input/Output Impedance 
@ Heavy Duty Machined Housing 
® Gold Metallized Transistors for Improved Reliability 
@ Moisture Resistant, EMI Shielded Package 


SHP 
CASE 389A-01, STYLE 1 


MAXIMUM RATINGS 


DC Supply Voltage 


RF Power Input 


| Operating Case Temperature Range 
[Gain Flees (Peakto-Peaid (f= 90-860MH) 


Noise Figure, Broadband (f = 300 MHz) | 
(f = 550 MHz) 


Power Output — 1 dB Compression: (f = 300 MHz) 
7 (f = 550 MHz) 


Third Order Intercept (f = 300 MHz) 
(See Figure 1) = =— (f = 550 MHz) 


Input/Output VSWR (f = 30-550 MHz) 


Supply Current A | 


Gain Slope (f = 30-550 MHz) 


Ito = Po +e IMD > 6048 
PEP = 4X Po @ IMD = -—32dB 
Figure 1. Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-297 


MOTOROLA 


TECHNICAL DATA 


eae ee SHP10-15-08 
The RF Line | | - 
Linear Power Amplifier 


. designed for wideband. linear applications in the 10 to 1000 MHz frequency range. - 0.8 WATT 
This solid state, Class-A amplifier incorporates microstrip circuit technology and high ~ 10-1000 MHz 
performance, gold metallized transistors to provide a complete broadband, linear ampli- LINEAR 
fier operating from a supply voltage of 28 volts. . | POWER 


@ Specified Vcc = 28 Volt and Tc = 25°C Characteristics: byne |. AMPLIFIER 
Frequency Range — 10 to 1000 MHz 
Output Power — 0.8 W Typ @ 1 dB Gain Compression, f = 500 MHz 
Power Gain — 15 dB Typ @ f = 100 MHz 
ITO —.42 dBm Typ @ f = 1000 MHz 
Noise Figure — 8.5 dB Typ @ f = 1000 MHz 

© 50 Ohm Input/Output Impedance 

@ Heavy Duty Machined Housing 

®@ Gold Metallized Transistors for Improved Reliability 

@ Moisture Resistant, EM! Shielded Package 


SHP 
CASE 389A-01, STYLE 1 


MAXIMUM RATINGS _ 


[se eee ag | a sf 
Operating Temperature *pange 


Supply Current (Vcc = - 28 V) 


Power Gain (f = 100 MHz) — 


Gain Flatness (P-P) (f = 10-1000 MHz) 


Input/Output VSWR (f = 40-900 MHz) 
(f = 10-1000 MHz) 


Output Power @ 1 dB Gain Compression 


(f = 500 MHz) 
_(f = 1000 MHz) 


(f = 500 MHz) 
(f = 1000 MHz) 


Third Order Intercept Point 


Noise Figure (f = 500 MHz) 
(f.= 1000 MHz) 


MOTOROLA RF DEVICE DATA 


5-298 


MOTOROLA 
a2 SEMICONDUCTOR | 
TECHNICAL DATA 


Dain Ate as SHP10-15-08-15 
The RF Line : | 


Linear Power Amplifier 


. designed for wideband linear applications in the 10-1000 MHz frequency. range. This . 0.8 WATT - 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- ~ -40:TO 1000 MHz 
mance, gold metallized transistors to provide a complete broadband, linear amplifier = sf. | LINEAR — 
operating from a supply voltage of 15 volts. . bh POWER 


® Specified Vcc = 15 Volt and Tc = 25°C Characteristics: ee ‘ ee ee es 
Frequency Range — 10 to 1000 MHz es eo 
_ Output Power — 800 mW Typ @ 1 dB Gain Compression. f = 500 MHz 
Power Gain — 15 dB Typ @ f = 100 MHz 
ITO — 43.:dBm Typ @ f = 500 MHz 
Noise Figure — 8.5 dB Typ @ f = 1000 MHz 
@ 50 Ohm Input/Output Impedance 
® Heavy Duty Machined Housing 
® Gold Metallized Transistors for Improved Reliability 
® Moisture Resistant, EMI Shielded Package 


SHP 
CASE 389A-01, STYLE 1 


MAXIMUM RATINGS 


DC Supply Voltage 


RF Power Input 


~-40 to +85 
—55 to +100 - 


Operating Case Temperature Range 


_ Storage Temperature Range — 


Gain Flatness (Peak-to- Peak) (f = 10-1000 MHz) a et a - +0 


Power Gain (f = 100 MHz) | 


(f = 500 MHz) 
(f = 1000 MHz) =o 
(f = 500 MHz). 

(f = 1000 MHz) 


Noise Figure, Broadband 


Power Output — 1 dB Compression 


(f = 500 MHz) 
(f = 1000 MHz) 
40-900 MHz) 
10-1000 MHz) 


Third Order Intercept 
_ (See Figure 1) 


Input/Output VSWR 


nt 
(f 


IMD 


Ito = Po + @ IMD > 60dB 
PEP = 4X Po @ IMD = —32dB 


Figure 1. Tone Intermodulation Test 


_ MOTOROLA RF DEVICE DATA 


5-299 


MOTOROLA 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 10-1000 MHz frequency range. This 0.4 WATT | 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- 10 TO 1000 MHz 
mance, gold metallized transistors to provide a complete broadband, linear amplifier — LINEAR © 

operating from a supply voltage of 24 volts. POWER 


@ Specified Vcc = 24 Volt and Tc = 25°C Characteristics: 
Frequency Range — 10 to 1000 MHz. 
Output Power — 400 mW Typ @ 1 GB Gain Compression, f = 1 GHz 
Power Gain — 17 dB Typ @ f = 100 MHz 
ITO — 40 dBm Typ @ f = 500 MHz 
Noise Figure — 7.5 dB Typ @ f = 1 GHz 
@ 50 Ohm Input/Output Impedance 
@ Heavy Duty Machined Housing 
® Gold Metallized Transistors for Improved Reliability 
e Moisture Resistant, EMI Shielded Package 


_. AMPLIFIER 


MAXIMUM RATINGS 


[Operating Cate Temperature Range —~C~=~“‘“‘S*C~*~“~‘“‘“(;™SCO*d’SCOC HHO 


. Characteristic 


Frequency Range 


Gain Flatness (Peak-to-Peak) (f = 10-1000 MHz) 


(f = 1000 MHz) 


Power Output — 1dB Compression (f = 500 MHz) Po 1dB 25 “1296 uh, 
(f = 1000 MHz) is 25 26 
Third Order Intercept (f = 500 MHz) ITO 38 40 

(See Figure 1) (f = 1000 MHz) 37 39 


Input/Output VSWR_(f = 40-900 MHz) 
; (f = 10-1000 MHz) 


Supply Current 


IMD 


to = Po + @ IMD > 60cB 
PEP = 4X Po @ IMD = ~—32dB 


Figure 1. Tone Intermodulation Test 


- MOTOROLA RF DEVICE DATA 


5-300 


“MOTOROLA 


_ » aESpycron: ecanenaeniemeeniemeeeemeecemteeeenel 


p TECHNICAL erica 


" The RF Line _ ee 
Linear Power Amplifier 


"designed for wideband linear applications i in the 10-1000 MHz frequency | range. This 


solid state, Class A amplifier incorporates microstrip circuit technology and high perfor- : 


mance, gold metallized transistors to provide a pombe. broadband, neat amplifier. 
operating from a ‘supply voltage of 15° volts. 


e mspecttie’ Vcc = - 15 Volt and Tc = 25°C Characteristics: 
‘Frequency Range — 10 to1000 MHz - 
Output: Power — 400 mW Typ @1dB Gain Compression, f 7 7 GHz 
Power Gain — 17 dB Typ @ f = 100 MHz ~ 
‘ITO — 40 dBm Typ @ f = 500 MHz aes 
Noise Figure — 7.5 dB Typ @f = 1 GHz 
@ 50 Ohm Input/Output Impedance 
@ Heavy Duty Machined Housing. | 
@ Gold Metallized Transistors for Improved Reliability 
@ Moisture Resistant, EMI Shielded recede 


MAXIMUM RATINGS 


Characteristic 


Frequency Range 
Gain Flatness (Peak-to-Peak) (f = 10-1000 MHz) 
100 MHz) 
Noise Figure, Broadband 


Power Gain (f = 


(f = 500 MHz) 


Third Order Intercept (f = 500 MHz) 
(See Figure 1) (f = 1000 MHz) 


Input/Output VSWR (f = 40-900 MHz) 
(f = 10-1000 MHz) 


Supply Girent 


to = Po +te@ IMO > 60d8 
PEP = 4X Po @ IMD = -32dB 


Figure 1. Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-301 


. NF 6.5 — 75 

(f = 1000 MHz) 7.5 8.5 
Power Output — 1 dB Compression (f = 500 MHz) Po 1B 25 26 
(f = 1000 MHz) | 25 |. 26 


SHP10-17-04-15| 


0.4 WATT. 
10 TO 1000 MHz 
LINEAR, 
- POWER 
~ AMPLIFIER 


—40 to +85 


-—55 to + 100 


MOTOROLA RF DEVICE DATA 


5-302 


Volume Il — 


_ Tuning, Hot Carrier and 
PIN Diode Data Sheets 


MOTOROLA 
a SEMICONDUCTOR & 
TECHNICAL DATA 


1N5139 1N5139A 
| thru thru 
iN5148 1N5148A 


'6.8-47 pF EPICAP | 
-.° VOLTAGE-VARIABLE | 
|]. CAPACITANCE DIODES—_. 
SILICON EPICAP DIODES oe - Be ee o : ce SILICON | oe 
. Ses | _ EPITAXIAL PASSIVATED =~ 
... designed for electronic tuning and harmonic-generation ap- on : a ee ee 
plications, and providing solid-state reliability to replace. me- 
chanical tuning methods. 
® Guaranteed High-Frequency Q 
@ Guaranteed Wide Tuning Range 
Guaranteed Temperature Coefficient 
Standard 10% Capacitance Tolerance 
Complete Typical Design Curves 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 


IRREGULARITIES OTHER THAN HEAT SLUGS. 
0 


VR 
IF 
a oe 
. Device Dissipation @ TA = 25°C Co ve. an 
Derate above 25°C 2.67 mWw/°C 
Device Dissipation @ TC = 25°C 
Derate above 25°C 13.3 mw/°C 


tThe RF power input rating assumes that an adequate heat sink is provided. 


All JEQEC dimensions and notes apply © 


CASE 51-02 
DO-204AA 


MOTOROLA RF DEVICE DATA 


6-2 


1N5139 thru 1N5148, 1N5139A thru 1N5148A 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) | 


|__Characteristie — All Types _ a 
Reverse Breakdown Voltage IR = 10 pAdc 


Reverse Voltage Leakage. Current VR = 55 Vde, TA = 25°C 


VR = 55 Vde, TA = 150°C 


Diode Capacitance Temperature 
Coefficient 


1N5139 
1N5139A 


1N5140 
1N5140A 


1N5141 
IN5141A -. 
1N5142 © 

1N5142A 


— 1N5143 
1N5143A | 
1N5144 

1N5144A 


1N5145 
1N5145A 
1N5146 

1N5146A 


1N5147 
1N5147A 
1N5148 
1N5148A 


VR = 4 Vdc, f = 1 MHz 


Q, eA of Merit |. 
VR = 4 Vdc, 
f = 50 MHz 


_ CT, Diode Capacitance 
VR = 4 Vdc, f = 1MHz 


PARAMETER TEST METHODS 


1. Ls, SERIES INDUCTANCE tance bridge at the specified frequency and substituting in 
_. Ls is measured on a shorted package at 250 MHz using an __ the following equations: ae 
impedance bridge (Boonton Radio Model 250A RX Meter). Q= 2rfC 
L = lead length. fds 2; a 
(Boonton Electronics Model 33AS8). 
2. Cc, CASE CAPACITANCE 6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
_ Ce is measured on an open package at 1 MHz using a ca- The diode capacitance, Cr (as measured at Vk = 4 Vdc, 
pacitance bridge (Boonton Electronics Model 75A or f = 1 MHz) is compared to C; (as measured at V, — 60 Vdc, 
equivalent). | f = 1 MHz) by the following equation which defines a. 
| log Cr(4) — log C:(60) 
3. C,, DIODE CAPACITANCE a log 60 — log 4 
' (Cr = Ce + Cs). Cr is measured at 1 MHz using a capaci- Note that a Cr versus Vx law is assumed as shown in the 
tance bridge (Boonton Electronics Model 75A or following equation where Cc is included. 
equivalent). Cr= nS 
' ; ‘Va 
4. TR, TUNING RATIO 7 1. Tc, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 
TR is the ratio of C; measured at 4 Vdc divided by C; meas- TCc is guaranteed by comparing Cr at Vk = 4 Vdc, f = 
ured at 60 Vdc. 1 MHz, T. = —65°C with Cr at V, = 4 Vdc, f = 1 MHz, 
. Ts = +85°C - the following equation which defines TCe: 
5. Q, FIGURE OF MERIT. TCe = | Cr(+85°C) — Cr(—65°C) |, _108 
Q is calculated by taking the G and C remalage of an admit- 85 + 65 °S, (25°C) 


MOTOROLA RF DEVICE DATA 
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INOISY THU INDI46, INSISIA INrTUuU IND L46A 


FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE — 
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[ie] 

z e 

<x 

= 

S Set 
Qa 

< 

oOo 

laud 

a 

Q 

a ~ 

5 | 

oO _ 


 1N5148 44 
1N5144 ea 


mara 
ey HE 


50 7.0 10 30 
Vp, REVERSE VOLTAGE (VOLTS) 


1.0 3.0 


FIGURE 3— NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 


NORMALIZED DIODE CAPACITANCE 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 5 — REVERSE CURRENT versus REVERSE BIAS VOLTAGE 


Ip, REVERSE CURRENT (nA) 


AUN 
APN 


ae 


Vp, REVERSE VOLTAGE (VOLTS) 


a 


NORMALIZED Q, FIGURE OF MERIT (%) 


Q, FIGURE OF MERIT. 


FIGURE 2— FIGURE OF MERIT versus REVERSE VOLTAGE 


aT 
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ee 


Q, FIGURE OF MERIT 


1N5139 
1N5144 
1N5148 


= 
|| 
aa 
al 
= 
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ee 


Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 — NORMALIZED FIGURE OF MERIT 
versus JUNCTION TEMPERATURE 


Va = 4 Vdc 
f = 50 MHz 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 6 — FIGURE OF MERIT versus FREQUENCY 


1N5139 
~1N5144 
1N5148 


i 
Va=4Vde 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


es SEMICONDUCTOR 


TECHNICAL DATA 


SILICON EPICAP DIODES 


. epitaxial passivated abrupt junction tuning diodes designed for 
electronic tuning, FM, AFC and harmonic-generation applications in 
AM through: UHF ranges, providing solid- state reliability to replace 
mechanical tuning methods. 


* MAXIMUM RATINGS 


Device Dissipation @ Tp = 25°C 
Derate above 25°C 


Excellent O Factor at High Frequencies . 
Guaranteed Capacitance Change — 2.0 to 30 V 
Guaranteed Temperature Coefficient 
Capacitance Tolerance — 10% and 5.0% _ 
Complete Typical Design Curves 


Storage Tonparature Range 


-65 to +200 


“Indicates JEDEC Registered Data. 


MOTOROLA RF DEVICE DATA 
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1N5441A,B° 


thu 
1N5456A,B 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


6.8 — 100 pF 
30 VOLTS — 


DO-204AA GLASS. 


All JEDEC dimensions and notes apply 


CASE 51-02. 
DO-204AA 


1N5441A,B thru 1N5456A,B 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)”. 


| Reverse Breakdown Voltage Im = 10 pAdc 


VR = 25 Vdc, Ta = 25°C 
VR = 25 Vdc, Ta = 150°C 


Diode Capacitance Temperature: VR = 4.0 Vde, f = 1.0 MHz 4 
Coefficient (Note 6) 


. Cy, Diode Capacitance (1) . TR, Tuning Ratio Q, Figure of Merit 
Device VR = 4.0 Vdc, f = 1.0 MHz - Cg/C39 VR = 4.0 Vde 


| | f= 1.0 MHz = 50 MHz 
Min Max a 
(Nom -10%) (Nom +10%) 
6.8 7.5 


IN5441A 
1N54424 
1N5443A 
1N5444A 


1N5445A 
1N5446A 
1N5447A 
1N5448A 


1N5449A 
1NS450A 
IN5451A 
1N5452A 


1N5453A 
1NS454A 
1NS455A 
1NS456A 


(1) To order devices with C7 Nom +5.0% add Suffix B. 
*Indicates- JEDEC Registered Data. 


Reverse Voltage Leakage Current 


PARAMETER TEST METHODS 


1. Ls, Series Inductance 6. TC,., Diode Capacitance Temperature | in the following equation, which defines TC,: 
Lg is measured ona shorted package at 250 Costficiant . C7(+85°C) - C7 (-65°C) 106 
MHz using an impedance bridge (Boonton TC, is guaranteed by comparing Cr at VR = TC, = | ——____—_______ | —____ 
Radio Model 250A RX Meter or equivalent). 4.0 Vdc, f = 1.0 MHz, Tp = -65°C with Cr 85 +65 Cr (25°C) 


2. Cc, Case Capacitance at Vm_ = 4.0 Vde, f = 1.0 MHz, Ty, = +85°C 
. i Accuracy timited by C+ measurement to 


Cc is measured on an open package at 1.0 ° +0.1 pF. 

MHz using a capacitance bridge (Boonton > 

Plecnee tice Medel Tae OCeauivelent): FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
3. Cry, Diode Capacitance versus JUNCTION TEMPERATURE | 


(Cy = Co + Cy)..Cz is measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec- 
tronics Model 75A or equivalent). 


4. TR, Tuning Ratio. 
TR is the ratio of Cy measured at 2.0 Vdc 
divided by C+ measured at 30 Vdc. 


5. Q, Figure of Merit 
Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations: 


NORMALIZED DIODE CAPACITANCE 


(Boonton Electronics Model 33AS8 75-50-25 0 +25 +60 +75 +100 +125 
or eauivelenty: ; | Ty, JUNCTION TEMPERATURE (°C) 


~ MOTOROLA RF DEVICE DATA 
6-6 


1N5441A,B thru 1N5456A,B 


TYPICAL DEVICE PERFORMANCE 


FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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If, FORWARD CURRENT an 
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MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR Eos =—s1N5461A,B 
TECHNICAL DATA Lees ota } thru 


1N5476A,B 


VVC —pi-— 


~ VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


6.8 — 100 pF. 


SILICON EPICAP DIODES. 30 VOLTS 


“aio PREMIUM line of epitaxial, passivated, abrupt-junction tuning 
diodes for critical and sophisticated frequency control applications 
through the UHF range. . 


@ High Q at High Frequencies 
Guaranteed High Capacitance Tuning Range | 
® Excellent Unit-to-Unit Uniformity 
® Guaranteed Temperature Coefficient 
- Capacitance Tolerances — 10% and 5.0% 
® Complete Typical Design Curves 7 


DO-204AA GLASS 


Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating Junction Temperature Range 


Storage Temperature Range 7 ~65 to +200 


*Indicates JEDEC Registered Data. 


All JEDEC dimensions and notes apply 


CASE 51-02 
DO-204AA 


MOTOROLA RF DEVICE. DATA 


6-8 


1N5461A,B thru 1N5476A,B 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic—All Types Tast Conditions  Symibot 
Reverse Breakdown Voltage IR= 10 pAdc V(BR)R 


Reverse Voltege eee Current Vr= 25 Vde, Ta ='25°C i 
VR = 25 Vde, Ta=150°C 


Case Capacitance 


_| Diode Capacitance Temperature =e 
| Coefficient (Note 6) 


TR, Tuning Ratio Q, Figure of Merit |. 
 C9/C39 | "VR = 4.0 Ve 
‘f= 1, .0O MHz _f=50 MHz 


_ Cry, Diode Capacitance (1) 
VR= s 60M f= 1.0 MHz 


INS461A 
1N5462A 
1N5463A 
1N5464A 


1N5465A 
1IN5466A 
IN5467A | 
1N5468A 


1N5469A 
1N5470A 
1IN5471A 
1N5472A 


1N5473A 

-1N5474A | 
1N5475A 
1N5476A 


(1) To order devices with CT Nom +5.0% add Suffix B. 
*Indicates JEDEC Registered Data. 


PARAMETER TEST METHODS 


6. TC,, Diode Capacitance Temperature - 
Coefficient 


1. Ls, Series Inductance 


in the following equation, which defines TC: 
Ls is measured on a shorted package at 250 


2 ; : : +B85°C) — -65° 6 
MHz using an impedance bridge (Boonton. TC. is guaranteed by comparing Cr at VR = “TCy= Cri 2 ie?) oe 
Radio Model 250A RX Meter or equivalent). 4.0 Vdc, f = 1.0 MHz, Ta, = -65°C with Cr 85 +65 C7(25°C) 


at Vp = 4.0 Vdc, f = 1.0 MHz, Ta = +85°C 


2. Cc, Case Capacitance 
Cc is measured on an open package at. 1.0 
MHz using a capacitance bridge (Boonton 
- Electronics Model 75A or equivalent). 
3. CT, Diode Capacitance 
(Cy = Cc + Cy). Cris measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec- 
tronics Model 75A or equivalent). 


4. TR, Tuning Ratio 
TR is the ratio of C7 measured at 2.0 Vdc 
divided by Cy measured at 30 Vdc. 


5. Q, Figure of Merit 


Q is calculated by taking the G and C read- 
ings of an admittance bridge at the specified 
frequency. and. substituting in the following 


equations: 


_ 2nfC 
pai sks) 
- (Boonton Electronics Model 33AS8 
or equivatent). 


Accuracy limited by Cr measurement to 
+0.1 pF. 


FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 


NORMALIZED DIODE CAPACITANCE 


0 #28 450475 +100 * +128 
TJ, JUNCTION TEMPERATURE (°C) 
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1N5461A,B thru 1N5476A,B 


TYPICAL DEVICE PERFORMANCE 


— DIODE CAPACITANCE versus REVERSE sheds 


z 
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WE ICT MTL 
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SECON LT? 
a TE 
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Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — FIGURE OF MERIT 


FIGURE 4 — ae OF MERIT versus FREQUENCY 


versus REVERSE VOLTAGE 
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‘FIGURE 6 — FORWARD VOLTAGE | 


. ,FIGURE 5 — REVERSE CURRENT 


versus FORWARD CURRENT > 


versus REVERSE BIAS VOLTAGE 
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MOTOROLA 


a= SEMICONDUCTOR aaa 
TECHNICAL DATA 


SILICON HOT-CARRIER DIODE — 
(SCHOTTKY BARRIER DIODE) | 


designed srinianily for UHF mixer -applications but suitable aiea 
for: use in detector and ultra-fast switching. circuits. Supplied in 
an inexpensive plastic. package for low-cost, ‘high-volume con- 
sumer requirements. Also available in Surface Mount package. 


_ @ The Rugged Schottky Barrier Construction Provides Stable 
Characteristics by Eliminating the ““Cat-Whisker” Contact 


@ Low Noise Figure — 6.0 dB Typ @ 1.0 GHz 
e Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 
e@ High Forward Conductance — 0.50 Volts (Typ) @ IF = 10 mA 


MAXIMUM RATINGS 


Rating | 
Reverse Voltage 


Forward Power Dissipation @ TAS = 25°C 
‘Derate above 25°C 


Junction Temperature 


Storage Temperature Range 


DEVICE MARKING 


Reverse Breakdown Voltage 
(ig = 10 uA) 
Diode Capacitance - 
_ (VR =O, f= 1.0 MHz, Note 1) 


Forward Voltage (1) 


(Ip = 10 mA) 
Noise Figure 
(f =,1.0 GHz, Note 2) 
Reverse Leakage 
(VR =3.0 V) 


~MOTOROLA RF DEVICE DATA 


6-11 


MBD101 
MMBD101 


SILICON HOT-CARRIER 


_UHF MIXER DIODE © 


eo CASE 318-05 
CASE 182-02 TO-236AA 


TO-226AC 


Gs 


SECT. A-A 


MILLIMETERS [INCHES | 
| MIN | | MIN | 
r A | 432 1.533 | 0.170 | 0.210 | 


o 
_ 
~J 
ao 


STYLE 1: 
PIN 1, ANODE 
2. CATHODE 


o o 
2 |m a 
on 
to) 
ow 
Plo |o 
Ojolo 

= |p 

IS 


o\o 

—/|co 

= |e S 

ajc = 
=) 
o 
ow 
wn 
io) 


CASE 182-02 
TO-226AC 
MBD101 


STYLE 8: 


PIN 1. ANODE 
2, NO CONNECTION 
3. CATHODE 


CASE 318-05 


TO-236AA 
SOT-23 
MMBD101 


ip, REVERSE LEAKAGE (yA) 


 €, CAPACITANCE (pF) 


MBD101, MMBD101 


TYPICAL CHARACTERISTICS 
(Ta = 25°C unless noted) 


FIGURE 1 — REVERSE LEAKAGE 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — CAPACITANCE 


VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 5 — NOISE FIGURE TEST CIRCUIT 


LOCAL 
OSCILLATOR 


UHF 
NOISE SOURCE 
H.P. 349A 


DIODE IN © 
TUNED 
MOUNT 


IF AMPLIFIER 
NE=15dB | 
f= 30 MHz 


NOISE 
FIGURE METER - 
H.P.342A 


agnae 
LE LTT 


NE, NOISE FIGURE (dB) 


If, FORWARD CURRENT (mA) 


FIGURE 2 — FORWARD VOLTAGE 


A 
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Ve, FORWARD VOLTAGE (VOLTS) © 


FIGURE 4 — NOISE FIGURE 


piace do ee es Ie aca 
7 See Tae eee eee 
0 


0.1 0.2 0.5 1.0 2. 50 - 10. 


_ PLo, LOCAL OSCILLATOR POWER (mW) 


NOTES ON TESTING AND SPECIFICATIONS 


Note 1 —-C¢ and Cr are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 


Note 2 — Noise figure measured with diode under test in tuned 

. diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted - 
for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 MHz, 
see Figure 5. 


Note 3 — Ls is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). — nye 
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MOTOROLA 


ss SEMICONDUCTOR @ 
TECHNICAL DATA 


SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


_ designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF 
and digital applications. Supplied in an inexpensive plastic pack- 
age for low-cost, high-volume consumer and industrial/commer- 
cial requirements. Also available in Surface Mount package. 


® The Schottky Barrier Construction Provides Ultra-Stable 
Characteristics By eonneunS the ‘‘Cat-Whisker” or “S-Bend” 
Contact 


@ Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
e Very Low Capacitance — 1.5pF (Max) @ Vr = 15V 


e Two Voltage Ranges — 20 V — MBD201,MMBD201 
2 — 30 V — MBD301,MMBD301 


10 nAdc (Typ) MBD201, 
MMBD201 

13 nAdc (Typ) MBD301, 
MMBD301 - 


@ Low Reverse Leakage — IR 


MAXIMUM. RATING (Ty = = 125°C unless atherwise noted) 


MBD201 |MMBD201,L 
MBD301 |MMBD301,L 


a“ 
MBD201 


Reverse Voltage Volts 
20 
MBD301 30 
Forward Power Dissipation @ Ta = 25°C es 200 mW 
Derate above 25°C 2. 0 mWw/°C 
Operating Junction Temperature Range ae —55 to +125 


MMBR201 
MMBR301 


. Characteristic | 


Reverse Breakdown Voltage 
(IR = 10 wAdc) MBD201, MMBD201 
. ~ MBD301, MMBD301 


Total Capacitance, Figure 1 
(VR = 15 Volts, f = 1.0 MHz) 


Minority Carrier Lifetime, Figure 2 
(IF = 5.0 mA, Krakauer Method) 


Reverse Leakage, Figure 3 
(VR = 15 V) MBD201, MMBD201 
(VR = 25 V) MBD301, MMBD301 


Forward Voltage, Figure 4 
(iE = 10 mAdc) 
MOTOROLA RF DEVICE DATA 
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MBD201 MMBD201 
MBD301 MMBD301 


SILICON HOT-CARRIER 


7 DETECTOR AND SWITCHING 


DIODES. 
20-30 VOLTS 


, , CASE 318-05 
CASE 182-02 — TO-236AA 


TO-226AC 


WB 


SECT. A-A 


STYLE1: 
PIN 1. ANODE 
2. CATHODE 


CASE 182-02 
_TO-226AC 
-MBD201 


~[_MILUIMETERS [INCHES | 
[win 7 Max_| 


| MIN. | 

| 0.0180 
0.0177 

| 0.0360 | 


STYLE 8: 
PIN 1. ANODE 

2. NO CONNECTION 

3, CATHODE 

CASE 318-05 
TO-236AA 

SOT-23 

MMBD201 
MMBD301 


0.0236 


0.0401 


VMBDZU1, VMIBUSUI, IVIIVIBUDZU1, MIVIBDSUI 


TYPICAL ELECTRICAL CHARACTERISTICS — 


FIGURE 2 — MINORITY CARRIER LIFETIME 


FIGURE 1 — TOTAL _ CAPACITANCE 


TTT. 
LETTE TT 
LE, 


(49) JONVLIDVdV9 TVWLOL ‘19 


Vr, REVERSE VOLTAGE ee 


Ig, FORWARD CURRENT (mA) 


FIGURE 4 — FORWARD VOLTAGE 


FIGURE 3 — REVERSE LEAKAGE 
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~ KRAKAUER METHOD OF MEASURING LIFE TIME 


CAPACITIVE 
CONDUCTION 

FORWARD —» 
- CONDUCTION - - 


a STORAGE 
CONDUCTION 
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(PADS) ~ 
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MOTOROLA | 


TECHNICAL DATA | 
| a MBD/01 MMBD701 


HIGH-VOLTAGE 
SILICON HOT-CARRIER 


DETECTOR AND SWITCHING 
DIODES 
50-70 VOLTS 


‘SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


... designed primarily for high-efficiency UHF and VHF detector 

applications. Readily adaptable to many other fast switching RF 

and digital applications. Supplied in an inexpensive plastic pack- 

age for low-cost, high-volume consumer and industrial/commer- 

cial requirements. Also available in Surface Mount package. 

® The Schottky Barrier-Construction Provides Ultra-Stable Char- 
_ acteristics by Eliminating the “Cat-Whisker” or ‘S-Bend’’ 
_ Contact | | | 

@ Extremely Low Minority Carrier Lifetime — 15 ps (Typ) — 

@ Very Low Capacitance — 1.0 pF @ Vp = 20 V_ 

@ High Reverse Voltage — to 70 Volts 

_® Low.Reverse Leakage — 200 nA (Max) 


: CASE 318-05 
CASE 182-02 T0-236AA 


TO-226AC 


mare 
YAs 


SECT. A-A 


| MAXIMUM RATING (Ty = 125°C unless. otherwise noted) 


STYLE1: 
PIN 1. ANODE: 
2. CATHODE 


MBD501 
MBD701 


= 26°C 


CASE 182-02 
TO-226AC 
-MBD501 

MBD701 


Forward Power Dissipation @ Ta 
Derate above 25°C © 


MMBD501 = 5F 
MMBD701 = 5H © 


ELECTRICAL CHARACTERISTICS 


Reverse Breakdown Voltage | | ts 

(IR = 10 wAdc) MBD501, MMBD501 
MBD701, MMBD701 

Total Capacitance, Figure 1 | 

(VR = 20 Volts, f = 1.0 MHz) 


Minority Carrier Lifetime, Figure 2 aa a or ; 
— : M 
(IF = 5.0 mA, Krakauer Method) PIN ’ Aen 2800 | 3.040 | 0.1102 | 0.1197 
am 1.199 | 1.399 | 0.0472 | 0.0551 
Reverse Leakage, Figure 3 3, CATHODE 0.940 | 1.143 


(VR = 25 V) MBD501, MMBD501 


(VR = 35 V) MBD701, MMBD701 : CASE 318-05 
Forward Voltage, Figure 4 Ve 0 | 1.2 | Vde 10:00" 
(Ip = 10 mAdc) SOT-23 
——e_ 7 MMBD501 

MMBD701 
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ViBD501, MBD701, MMBD501, MMBD701 


KRAKAUER METHOD OF MEASURING LIFE TIME 


CAPACITIVE 
CONDUCTION 


'F(Peak) | 


FORWARD pe [we STORAGE 
CONDUCTION , CONDUCTION 


BALLAST (™~ . SAMPLING 
ace NETWORK ) OSCILLISCOPE 
J 1}. (paps) (50 9 INPUT) 


TYPICAL ELECTRICAL CHARACTERISTICS | 7 
FIGURE 1 — TOTAL CAPACITANCE FIGURE 2 — MINORITY CARRIER LIFETIME © 
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VR, REVERSE VOLTAGE (VOLTS) Ve, FORWARD VOLTAGE (VOLTS) 
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MOTOROLA 
= SEMICONDUCTOR ey | | | | 
TECHNICAL DATA — | sd MMBV105G 


MV105G 


inet tie =a 
so aaa 


CAPACITANCE DIODES. 


30 VOLTS — 


- SILICON EPICAP DIODES 


.. designed in the Surface Mount package for general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 


® Controlled and Uniform Tuning Ratio | 


ot 
EY ree 
of @ oe 
Mises 


|_ MILLIMETERS INCHES 

STYLE 1: MIN | MAX [ MIN | MAX 
PIN1, ANODE — . 5.33 | 0.17 F 

2, CATHODE 


MAXIMUM RATINGS 


~ CASE 182-02 
TO-226AC 
Device Dissipation @ Ta = 25°C ~. MV105G 


-Derate above 25°C 


FIGURE 1 ~ DIODE CAPACITANCE 


Se eT 
Pa 
FST 


: INCHES 
STYL LN MIN 
aN ANODE A | 3.040 | 0.1102 | 0. 


: 2. NO CONNECTION ; 1.399 | 0.0472 | 0. 

cas 3. CATHODE : 1.143 , 

a eee Saas 

0. ; E 0.177 

Pe Pe CASE 318-05 Jat {208 
0 j ; 


MMBV105G 


Cy, DIODE CAPACITANCE (pF) 


VR, REVERSE VOLTAGE (VOLTS) 0.889 | 1.018 | 0.0350 
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MMBV105G, MV105G 


ELECTRICAL CHARACTERISTICS (7 q = 25°C unless otherwise noted) 


. Characteristic-All Types 


Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 28 V) 


Cr. 
Device VR = 25 Vde 
Type pF 


MMBV105G-) 


FIGURE 2 — FIGURE OF MERIT | . Stag FIGURE 3 — DIODE CAPACITANCE 


Q, FIGURE OF MERIT — 
Cy, DIODE CAPACITANCE (NORMALIZED) 


-715 -50 -25 0 +25 +50 +75 +100) = +125 


Vp, REVERSE VOLTAGE (VOLTS) - a , Ta, AMBIENT TEMPERATURE (°C) - 
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MOTOROLA 
ge SEMICONDUCIGR 
TECHNICAL DATA | 


SILICON EPICAP DIODE 


... designed for general frequency control and tuning applica- 
tions; providing solid-state reliability in replacement of mechan- 
ical tuning methods. 


@ High O with Guaranteed Minimum Values at VHF 
Frequencies 


@ Controlled and Uniform Tuning Ratio 
e Available in Surface Mount Package 


-MAXIMUM RATINGS. 


re 
Reverse Voltage 
Forward Current 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C | 


DEVICE MARKING : 


MMBV109 = 4A 


280 200 
2.8 2.0 i. 
Pe ta = 


—55 to +150 


FIGURE 1 — DIODE CAPACITANCE - 
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Vp, REVERSE VOLTAGE (VOLTS) 
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-MMBV109 
MV209. 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 
2€-32 pF 


CASE 182-02 
TO-226AC 


E 318-0 
TO-236AA 
SOT-23 


CAS 


Yj, S 


SECT. A-A 


ILLIMETERS . C 
Sarees 
4,32 5.33 0.170 0.210 
| 445 | 5.21 | 0.175 |. 0. 

| 3.18 | 419 | 0.125 [ 0. 
| 041 | 056 | 0.01 


STYLE 1: 5 
04 


PIN 1. ANODE 
2. CATHODE 


CASE 182-02 
TO-226AC 
Mv209 


a ee se 
wa LS a : ad 
. ” MILLIMETERS 
STYLE 8: MIN | MAX 


MAX 
PIN 7. ANODE A_| 2800 | 3.040 | 0.1102 | 0.1197 
| B | 1.199 | 1.399 | 0.0472 | 0.0551 
c 1.143 | 0.0370 | 0.0450 


M 


2. NO CONNECTION 
- 3, CATHODE 


D | 0.387 | 0.508 


0.177 


| F | 0.102 | 

ote 2.049 0.0807 
H | 0.450 | 0599 | 0.0177 | 0.0236 
K | 0.051 | 0.127 | 0.0020 | 0.0050 

hg pais 
M_| 0.458 | 0599 | 0.0180 
N 


0.889 | 1.018 | 0.0350 


CASE 318-05 
TO-236AA 
SOT-23 
MMBV109 


0.0984 
0.0236 
0.0401 


MMBV109, MV209 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


| a Characteristic — All Types 


Reverse Breakdown Voltage 
(tq = 10 wAdc) . 


MMBV109, MV209_ | 


Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vdc, f = 1.0.MHz) 


Cz, Diode Capacitance 
Vr = 3.0 Vdc, f = 1.0 MHz 
F 


FIGURE 2 — FIGURE OF MERIT 
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Ta, AMBIENT TEMPERATURE (°C) 
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itance Ratio 


Q, Figure of Merit Cr, Capac 
' VR =3.0Vde. | C3/Ca5 
f = 50 MHz ~ f = 1.0 MHz 


(Note 1) (Note 2) 


FIGURE 3 — LEAKAGE CURRENT 


IR, REVERSE CURRENT (nA) 


0.006 = 
0.002 |_| 
0.001 L___| 


LOCI 


MTEL 
iN 

all 
CUCL TT 


+80 


+100 +120 +140 


Ta, AMBIENT TEMPERATURE (°C) 


NOTES ON TESTING AND SPECIFICATIONS 


. Q is calculated by taking the G.and C readings of an admittance 


bridge, such as Boonton Electronics Model 33AS8, at the 
specified frequency and substituting in the following equation: 


oe 2nfC 
G. 


. CR is the ratio of Cy measured at 3.0 Vdc divided by Cy 


measured at 25 Vdc. 


MOTOROLA 
=a SEMICONDUCTOR == 
TECHNICAL DATA 


Silicon Epicap Diodes 
... designed for FM tuning, general frequency control and tuning, or any top-of-the-line 
application requiring back-to-back diode.configuration for minimum signal distortion and. 
detuning. This device is supplied in the SOT-23 plastic package for high volume, pick 
and place assembly requirements. = —— | | 
High Figure of Merit —.Q = 100 (Typ) @ Vp = 2 Vdc, f = 100 MHz . ae VOLTAGE-VARIABLE 
Guaranteed Capacitance Range Pah i . CAPACITANCE DIODE 
Dual Diodes — Save Space and Reduce Cost ae 
Surface Mount Package oe 
Available in 8 mm Tape and Reel 
Monolithic Chip Provides Improved Matching — Guaranteed + 1% (Max) 
Over Specified Tuning Range . 


MMBV432 


DUAL 


i t “ CASE 318-05, STYLE 6 
aa ae ~- (TO-236AB) | 


MAXIMUM RATINGS (Each Diode) 


Reverse Voltage 
Forward Current 


-Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature _ 
Storage Temperature Range 

DEVICE MARKING. | 
MMBV432 = 4B 


Reverse Breakdown Voltage 
(IR = 10 Adc) | 


Reverse Voltage Leakage Current 
(VR = 9 Vdc) 


Diode Capacitance © 
(VR = 2.Vdc, f = 1 MHz) 


Figure of Merit* 
(VR = 2 Vdc, f = 100 MHz) 
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MMBV432 


TYPICAL CHARACTERISTICS (Each Diode) 
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Figuie 2. Figure of Merit versus Voltage 
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Figure 1. Diode Capacitance (Each Diode) 
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| Figure 4. Diode Capacitance versus Temperature 
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MOTOROLA | . | 
ma SEMICONDUCTOR aT _ MMBV2101 thru 


i i DATA -MMBV2109 


MV2101 thru MV21 15 


VOLTAGE: VARIABLE 
CAPACITANCE DIODES 


6.8-100 pF 
30 VOLTS 


SILICON EPICAP DIODES 


CASE 318-05 | 


“CASE 182-02 TO-236AA 
3 SOT-23 


. designed in the popular PLASTIC PACKAGE for high volume . 
requirements of FM Radio and TV tuning and AFC, general fre- 
quency. control and tuning applications; providing solid-state re- 
liability in replacement of mechanical tuning methods. . 
Also available in Surface Mount package up ‘to 33 pF. 
@ High.Q with Guaranteed Minimum Values _ 


@ Controlled and Uniform Tuning Ratio 


e Standard Capacitance Tolerance — 10% 


@ Complete Typical Design Curves 


Ws 


~” SECT. A-A 


Oo w 
> > 
oS co BR 
~~ 
jot 
Ta |h 
oim 


—_ 
Ro 
~d 
iss) 
a | 
Os 
tO 
~~ 


STYLE 1: 
PIN 1. ANODE 
2. CATHODE 


J 


oa 
”n 
Cone bs 


Fich 
[NI 
| P| 
| R| 


i 
w No 


0.44 


CASE 182-02, STYLE 
MV2101 thru MV2115 


MAXIMUM RATINGS 


MMBV2101 
thru 
MMBV2109 


MV2101 


~ Rating 7 


eee 

Crorward Current =| ir | 

Device Dissipation @ Ta = 25°C Lie wl 200 
Derate above 25°C . 2.8. 2.0 
a 


MMBV2101 
MMBV2109 
MMBV2102 
MMBV2103 
MMBV2104 
MMBV2105 
MMBV2106 = 4V 


STYLES: 
PIN 1. ANODE . 
2. NO CONNECTION 
3. CATHODE 


1 Cc | 0.940 | 1.143 | 0.0370 
| D | 0.381 | 0.508 | 0.0150 | 0.0200 
| F | 0.102 [0.177 | 0.0040 | 0.0070 


‘| CASE 318-05, STYLE |_F _| 


TO-236AA : 

0.450 0.599 . 
MMBV2107 = 4W “sor23 Lf eee ts fon Pome 
MMBV2108 = 4X MMBV2101 thru [_L_| 2109 | 2.499 | 0.0830 {0.0984 | 
TM | 0458 | 0.599 | 0.0180 | 0.0236 
MMBV2109 en [ose [1018 | ont [nos | 
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MMBV2101 thru MMBV2109 @ MV2101 thru MV2115 


ELECTRICAL CHARACTERISTICS (TA = 25°C sialees otherwise noted) © 
Characteristic—-All Types: 


‘Reverse Breakdown. Voitage 
(i = 10 wAdc) 

Reverse Voltage Leakage Current 
(VR = 25 Vde, Ta = 25°C) 


Diode: Capacitance Temperature Coefficient 
(VR = 4.0 Vde, f = 1.0 MHz) - 


Cry, Diode Capacitance Q, Figure of Merit TR, Tuning Ratio 
VR = 4.0 ee f = 1.0 MHz Vr = 4.0 Vde, ©2IC30 
f = 50 MHz 


ee a a 


MMBV2101 /MV2101 
MMBV2102 /MV2102 
MMBV2103 /MV2103° 
MMBV2104 /MV2104 — 
MMBV2105 /MV2105 


MMBV2106 /MV2106° 
MMBV2107 /MV2107 
MMBV2108 /MV2108 
MMBV2109 /MV2109 
MV2110 


MV2111 
+ MV2112 
MV2113 
MV2114 
MV2115 


PARAMETER TEST METHODS 


1. Cy, DIODE CAPACITANCE | on | ; , : 
(Cy = Cp + Cy). Cy is: measured at 1.0 MHz using a capacitance 4. TCc, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 


bridge (Boonton Electronics Model 75A or equivalent). TCc is guaranteed by comparing Cy at VR = 4.0 Vdc, f = 1.0 
| : - MHz, Ta = -65°C with Cr at Vp = 4.0 Vde, f = 1.0 MHz, Ta = 


+85°C in the following equation which defines TCc: 
2. TR, TUNING RATIO 


; re) o 
TR is the ratio of C7 measured at 2.0 Vdc divided by cy measured Tone Cr(+85 la Oy 28- Gr 106 
at 30 Vdc. ave 85 + 65 CR(25°C) 
_ Accuracy limited by measurement of CT to + 0.1 pF. 
3. O, FIGURE OF MERIT . 


Ais calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 


Q= 


(Boonton Electronics Model 33AS8). Use Lead Length ~1/16". 


MOTOROLA RF DEVICE DATA 


6-24 


MMBV2101 thru MMBV2109 e MV2101 thru MV2115 


TYPICAL DEVICE PERFORMANCE 


FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 2 — NORMALIZED DIODE CAPACITANCE 


FIGURE 3 — REVERSE CURRENT 


versus REVERSE BIAS VOLTAGE 


versus JUNCTION TEMPERATURE 
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‘FIGURE 5 — FIGURE OF MERIT versus FREQUENCY 


FIGURE 4 — FIGURE OF MERIT versus REVERSE VOLTAGE 


HAS Tm 


see 2ege2 


f, FREQUENCY (MHz) 


MOTOROLA RF DEVICE DATA 


Vr, REVERSE VOLTAGE (VOLTS) 
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MOTOROLA 
= SEMICONDUCTOR Pa 
TECHNICAL DATA 


MMBV3102 


VOLTAGE VARIABLE © 
CAPACITANCE DIODES 


| . 22 pF (Nominal) 
| 30 VOLTS 
SILICON EPICAP DIODES . 


. . designed in the Surface Mount package for general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 


® High O with Guaranteed Minimum Values at VHF Frequencies 
@ Controlled and Uniform Tuning Ratio 


CASE 318-05 
TO-236AA 


DEVICE MARKING © 


MMBV3102 = 4C . | | 
FIGURE 1 — DIODE CAPACITANCE 


7 —— ieee i “DMENSOUNG AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
2. AGNRCAING DIMENSION: INCH. 


~~ 7 MILLIMETERS INCHES 
MIN | MAX 


3,040 


STYLE 8: 

PIN 1, ANODE 
2. NO CONNECTION 
3. CATHODE 


CT, DIODE CAPACITANCE (pF) 


CASE 318-05 
TO-236AA 


ea REVERSE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 
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MMBV3102 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic—All Types 


Reverse Breakdown Voltage 
(1g = 10 wAdc) | 

Reverse Voltage Leakage Current 
(VR = 25 Vde, Ta = 25°C) 


Diode Capacitance Temperature Coefficient 
(Vp = 3.0 Vdc, f = 1.0 MHz) 


QO, Figure of Merit 
VR =3.0 Vde 
_£=50 MHz 


Cr, Diode Capacitance. — 
VR =3.0 Vdc, f = 1.0 MHz 
pF | 


FIGURE 3 — LEAKAGE CURRENT 


¥ 


AUTING 


Q, FIGURE OF MERIT (X 1000) 
‘Ip, REVERSE CURRENT (nA) 


Vr, REVERSE VOLTAGE (VOLTS) . TA, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — DIODE CAPACITANCE 
NOTES ON TESTING AND SPECIFICATIONS 
1. Lg is measured Aa a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 


2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


2nfC . 
Se 


Cy, DIODE CAPACITANCE (NORMALIZED) 


4. Cp is the ratio of C7 measured at 3.0 Vdc divided by Cy measured. 


15 -50  -25 0 +25 #80 +750 +100 +125 at 25 Vdc. 


Ta, AMBIENT TEMPERATURE (°C) 


MOTOROLA RF DEVICE DATA 
6-27 


MOTOROLA 
TECHNICAL DATA : 


MMBV3401 


SILICON PIN 
WIT 

SILICON PIN DIODE 2 eens 
... designed primarily for VHF band switching applications but 
also suitable for use in general-purpose switching and attenuator 
circuits. Supplied in a Surface Mount package. . 


® Rugged PIN Structure Coupled with Wirebond Construction for 
Optimum Reliability 


® Low Capacitance — 0.7 pF Typ at Vp = 20 V 


e Very Low Series Resistance at 100 MHz — 0.34 Ohms (Typ) 
@ |p = 10 mAdc 


CASE 318-05 - 
TO-236AA 


Reverse Voltage - & ey 
‘Forward Power Dissipation @ Ta = 25°C 


Derate above 25°C 


MAXIMUM RATINGS a, nee 


DEVICE MARKING 


MMBV3401 = 4D 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Typ_| ‘Max [Unit | 


Reverse Breakdown Voltage 
(IR = 10 pA) 


Diode Capacitance ~ . | 
VR = 20V 
Series Resistance (Figure 5) th 

(Ip = 10 mA) © f = 100 MHz 
Reverse Leakage Current 

(VR = 25 V) 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Yi4.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


STYLE 8: 
PIN 1. ANODE 
2. NO CONNECTION 


3. CATHODE 508 | 0.0150 
faeP rail 0.0040 


0.0701 
0.0177 


CASE 318-05 . 
TO-236AA 


0.458 | 0.599 | 0.0180 | 0.0236 
0.0350 | 0.0401 


MOTOROLA RF DEVICE DATA 
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MMBV3401 


Rs, SERIES RESISTANCE (QHMS) 


Cy, DIODE CAPACITANCE (pF) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — SERIES RESISTANCE 


Vr, REVERSE VOLTAGE (VOLTS) 


Ip, FORWARD CURRENT (mA) 


FIGURE 2 — FORWARD VOLTAGE 
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Ve, FORWARD VOLTAGE (VOLTS) 
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TA, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 


500 
ae eee 
" 
Boonton 
Model 33A or B i ‘ D.U.T. Power Supply 
Lo : 


= For test fixture, leads should be as - 
All measurements @ 100 MHz ‘short as possible. 
To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale wil! be set at 

. zero and the. capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


6-29 


2, 


MOTOROLA RF DEVICE DATA 


Use a short length of wire to short the test circuit from 
point ‘A’ to “B"’. Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. — - 
Adjust the capacitance scale arm of the bridge and the G" ~ 
zero control for a minimum null on the ‘“‘null meter’. 
The null occurs at approximately 130. pF. _ 


‘Replace the wire short with the device to be tested. Bias 


the device to a forward conductance state of 10 mA. 
Obtain a minimum null on the “null meter’, with the 


‘capacitance and conductance scale adjustment arms. 


Read conductance (G) direct from the scale.. Now read — 
the capacitance value from the scale (= 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rs) can now be calculated from: 


2.533G . 
Ro == 
c2 
Where: 
G — in micromhos, 
C — in pF, 
Rs — in ohms 


MOTOROLA 
a SEMICONDUCTOR ys 
TECHNICAL DATA 4 ea oe MMBV3700 


| MPN37/00 
SILICON PIN 
SWITCHING DIODE 


HIGH VOLTAGE SILICON PIN DIODE CASE 182-02 | CASE 318-05 


bee ae Peet cule ree £ des TO-226AC : ! 
... designed primarily for VHF band switching applications but TO-236AA 


also suitable for use in general-purpose switching and attenuator 
circuits. Supplied in a cost effective plastic package for econom- 
ical, high-volume consumer and industrial requirements. 


@ Long Reverse Recovery Time 
trr = 300 ns (Typ) 


@ Rugged PIN Structure Coupled with Wirebond Construction 
for Optimum Reliability 

@ Low Series Resistance @ 100 MHz — 
Rs = 0.7 Ohms (Typ) @ If = 10 mAdc 

® Reverse Breakdown Voltage = 200 V(Min) 


a 


SECT. A-A. 


MILLIMETERS 


| MAX | 
432 | ~5.33_| 0.170 
445 | 5.21 | 0.175 
3.18 | 419 | 0.125 


MAXIMUM RATINGS __ | | ney Ppeeane cae ane 
: . 3 Mev tooe SL -E_-4_-0.a07 | 0.487 |o.ore | or | 
| is70 | iB v3700.1 oe : 


Total Device Dissipation 
@ Ta = 25°C . 
Derate above 25°C 


CASE 182-02 
TO-226AC (TO-92) 
MPN3700 


Junction Temperature 


DEVICE MARKING | 
MMBV3700 = 4R 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 
Reverse Breakdown Voltage | aa yo 

(IR=10 nA) | eS a 4 

Diode Capacitance — -_ : rae ie gee ane | 


(VR = 20 Vdc, f = 1.0 MHz) 


Series Resistance (Figure 5) my = [ [_-miuimerers | 


DIM | MIN MAX 
(Ip = 10 mA) | STYLES: Ta} 2.800 [ 


: PIN 1, ANODE 
Reverse Leakage Current 2. NO CONNECTION 


(VR = 150 Vdc) | ‘ : CATHODE 


Reverse Recovery Time 
(lp = IR = 10 mA) 


CASE 318-05 
TO-236AA (SOT-23) 
MMBV3700 


MOTOROLA RF DEVICE DATA 
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MMBV3700, MPN3700 


TYPICAL ELECTRICAL CHARACTERISTICS | 


FIGURE 1 — SERIES RESISTANCE 


Rs, SERIES RESISTANCE (OHMS) 


FIGURE 2 — FORWARD VOLTAGE 


Ir, FORWARD CURRENT (mA) 


[=] 


9 
Ve, FORWARD VOLTAGE (VOLTS) 


FIGURE 4 — LEAKAGE CURRENT __ 
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Ta, AMBIENT TEMPERATURE (°C) 


_ FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 
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Lo - 
. = For test fixture, leads should 

All measurements @ 100 MHz - be as short as possible. 
To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge. is prevented from shorting through the power . 
supply by the 500-ohm resistor. The resistance of the 10 pF ca- 
pacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be ini- 
tially balanced, with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will-be set at 120 pF, as required 
when using the 100 MHz test coil. 


Use a short length of wire to short the test circuit from point 
“A” to 'B”. Then connect the power supply providing 10 mA 
of bias current to the test circuit. Abi 


. Adjust the capacitance scale arm of the bridge and the "‘G" 
zero control for.a minimum null on the “null meter”. The 
null occurs at approximately 130 pF. 


2. 


. Replace the wire short with the device to be.tested. Bias 
the device to a forward conductance state of 10 mA. 

. Obtain a minimum null on the “‘null meter”, with the ca- _ 
pacitance and conductance scale adjustment arms. 

. Read conductance (G) direct from the scale. Now read the 
capacitance value from the scale (~130 pF) and subtract 
120 pF which yields capacitance (C). The forward resistance . 
(Rs). can now be calculated from: 


Re = 2.533 G 
. Ss C2 
Where: 
G — in micromhos, 
C — in pF, 
Rs — inohms 
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MOTOROLA 


= SEMICONDUCTOR @ 


TECHNICAL DATA 


SILICON PIN DIODE 


. designed primarily for VHF band switching applications but 
also suitable for use in general-purpose switching and attenuator 
circuits. Supplied in a cost effective TO-92 type plastic package for 
economical, high-volume consumer and industrial requirements. 


@ Rugged PIN Structure Coupled with Wirebond Construction 


for Optimum Reliability 


@ Low Series Resistance @ 100 MHz — 


Rg = 0.7 Ohms (Typ) @ If = 10 mAdc. 
® Sturdy TO-92 Style Package for Handling Ease 


MAXIMUM RATINGS 


Reverse Voltage 


Forward Power Dissipation @ T a = 25°C 
' Derate above 259°C 


Reverse Breakdown Voltage - 
(IR = 10 yA) =. 


Diode Capacitance . a 
(VR =15Vde,f=1.0MHz) 


_ | Series Resistance (Figure 5) 
(I = 10 mA) Vike 


Reverse Leakage Current 
“(Vp = 15 Vde) 


6-32 


MOTOROLA RF DEVICE DATA 


MPN3404 


SILICON PIN 
SWITCHING DIODE 


“*—~ Cathode 


STYLE 1: 
PIN 1. ANODE 


WAS 2. CATHODE 


SECT. A-A 


NOTES: 
1, CONTOUR OF PACKAGE BEYOND ZONE PIS. 
UNCONTROLLED. 
_ 2. DIMENSION F APPLIES BETWEEN H AND L. 
- DIMENSION D-AND S APPLIES BETWEEN L AND 
_ 12.70mm (0.5") FROM SEATING PLANE. LEAD 
DIMENSION IS UNCONTROLLED IN H AND 
‘BEYOND 12.70mm (0.5”) FROM SEATING PLANE. 


MILLIMETERS 


CASE 182-02 


MP 


CT, DIODE CAPACITANCE (pF) 


Rs, SERIES RESISTANCE (OHMS) 


N3404 


TYPICAL ELECTRICAL CHARACTERISTICS | 


FIGURE 1 — SERIES RESISTANCE 
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VR, REVERSE VOLTAGE (VOLTS) 


Ip, FORWARD CURRENT (mA) 


FIGURE 2 — FORWARD VOLTAGE > 


aire 
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-20 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHCD 


: 7 6002 
Hi So eae a 
A , 
Boonton 
Model 33A or B 8 D.U.T. Power Supply 


= For test fixture, leads should. be as 


All measurements @ 100 MH2 short.as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 


the forward capacitance of the circuit and to prevent shorting of. 


the external power supply through the bridge. The small signal 
from the bridge. is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this: measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use.a short length of wire to short the test circuit from — 
point ‘A’ to "'B’’.- Then connect the power supply pro- 
- viding 10 mA of bias current to the test circuit. 


3. Adjust the capacitance scale armof the bridge and the ''G"’ 
zero control for a minimum null on the ‘‘null meter’’. 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the ‘‘null meter”, with the 

. Capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (= 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rg) can now be calculated from: 


:  -2.533G 
s* : 
| C: 
‘Where: 

G — in micromhos, 

C — in pF, 


Rs — in ohms 
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MOTOROLA 
=a SEMICONDUCTOR sam 
TECHNICAL DATA 


| | | | DUAL | 
SILICON EPICAP DIODES , 
~ = | VOLTAGE-VARIABLE 


,.. designed for FM tuning, general frequency control and tuning, or CAPACITANCE DIODES 
any top-of-the-line application requiring back-to-back diode configu- ~ 
rations for minimum signal distortion and detuning. This device is 
supplied in the popular TO-92 plastic package for high volume, 
economical requirements of consumer and industrial applications. 
® High Figure of Merit — 
Q= 140 (Typ) @ VR = 3.0 Vdc, f = 100 MHz 
® Guaranteed Capacitance Range | 
37— 42 pF @ VR = 3.0 Vde (MV 104) 
Dual Diodes — Save Space and Reduce Cost 
TO-92 Package for Easy Handling and Mounting 
Monolithic Chip Provides Near Perfect Matching — Guaranteed 
+ 1% (Max) Over Specified Tuning Range. 


MAXIMUM RATINGS (Each Device) 


PIN 1. ANODE 1 
2. CATHODE 
3. ANODE 2 


MILLIMETERS INCHES 


ee 
MAX | MIN. | MAX 


0170 | 0.210 

0.175. | 0.205 - 
0.125 | 0.165 
0.016 | 0.022 


0.095 | 0.105 - 
0.500 


Lf} +. f+. ++ 


ae 

ae Sens 
ie ce a OS a 
MERA: 


/ 


Cy, DIODE CAPACITANCE (pF) 


Peete Pitta 
Ne ; 
0.135 _— 
CETTE EL EEE ‘ : 0.015 0.020 
5 1.0 2.0 3.0 5.0 


0. 10 | 
CASE 29-04 
RSE VOLTAGE (V 
Vp, REVERS GE (VOLTS) TO-226AA 


MOTOROLA RF DEVICE DATA 


6-34 


MV104 


- 25°C unless otherwise noted, Each Device): 


ELECTRICAL CHARACTERISTICS (Tp 


Characteristic—All Types 


Reverse Breakdown Voltage 


(1g = 10 pAde) 


25°C 


Reverse Voltage Leakage Current Tp 
30 Vdc) 


(VQ 


Diode Capacitance Teriperature Coefficient 


4.0 Vdc, f = 1.0 MHz) 


(VR 


Q, Figure of Merit “CR, Capacitance Ratio - 


C+, Diode Capacitance 


= 3.0 Vde 
f = 100 MHz 


VR 


3.0 Vdc, f= 1.0 MHz 


VR= 


TYPICAL CHARACTERISTICS (Each Device) 


FIGURE 3 — FIGURE OF MERIT versus FREQUENCY 


FIGURE 2 — FIGURE OF MERIT versus VOLTAGE 
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Vr, REVERSE VOLTAGE (VOLTS) 
FIGURE 4 — DIODE CAPACITANCE versus TEMPERATURE 


FIGURE 5 — ogee CURRENT versus REVERSE VOLTAGE 
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MOTOROLA a4 | ae -_ 
= SEMICONDUCTOR SEE MV1401, H 
TECHNICAL DATA . 7 : a | MV1403, Hi 
| MV1404, H 


MV1405, H 


* ae Tuning Diodes | = 
ee eee | HIGH TUNING RATIO 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 
SILICON een Re RORT TUNING nee 120-550 pF 
designed with high capacitance and a capacitance change of 12 VOLTS 
greater than TEN TIMES for a bias change from 2 to 10 volts. 
Provides tuning over broad frequency ranges; tunes AM radio 
broadcast band, general AFC and tuning applications in lower 
RF frequencies. 
® High Capacitance: 120-550 pF 
@ Large Capacitance Change with Small Bias Change 
@ Guaranteed High Q 
® Available in Standard Axial Glass picmeged 


@H Suffix Devices with 100% Screening | 


MV 1403 

i tree 

| ee oe DO-204AA 
(DO-7) 


Mv1401 Ce mer 


DO-204AB 


100% SCREENING FOR HIGH RELIABILITY 


-MV1401H, MV1403H, MV1404H, MV1405H are screened wih nang 
‘following tests: 


Internal Visual Inspection 
per 12M53957B (MIL-STD-750 METHOD 2073 PARAGRAPH 3.3 
AND METHOD 2074 PARAGRAPH 3.1.3) 


High Temperature Storage 
Ta = 200°C, t > 48 hours 


Thermal Shock (Temperature Cycling) . A a ee Se a tee 

MIL-STD-202, Method 107, Condition C except 10 cycles 
_ continuously performed ©. ee All JEDEC dimensions and notes apply 

t(extremes) = 15 minutes 7 gee ne a6 . CASE 51-02 
‘Constant Acceleration - | | 

MIL-STD-750, Method 2006 

20,000 G's (Y1. axis only) 

Hermetic Seal . 

MIL-STD-750, Method 1071 

_ Fine Leak - Condition G © 

' Gross Leak - Condition D, Step 1_ 
Electrical Test - 

IRandCr | ae 
High Temperature Reverse Bias = = : be ee STYLE NODE 
Ta = 120°C + 5°C, t= 96 hours _ | ae | 2. ANODE 
VR = 80% of V(BR)R MIN 
Lower temperature till Ta = 30+5°C. 

Maintain this temperature prior to removal of Reverse Bias 
Voltage. Perform Electrical Test within 24 hours following 
bias removal. 


Electrical Test 
~ IR and Cr 


Alt JEDEC dimensions and notes apply. 
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MV1401, H e MV1403, H e MV1404, H e MV1405, H | 


MAXIMUM RATINGS | 
Rating 


Device Dissipation @Ta= 25°C | 


Derate above 25°C 


Junction Temperature 


| ~. Characteristic — All Types oe Symbol } Min | - 
Reverse Breakdown Voltage o 3 . V(BR)R 12 
(IR = 10 pAdc) . 5 
Leakage Current at Reverse Voltage 
(Vp = 10 Vde; Ta = 25°C) a 


Series Inductance 


(f = 250 MHz, Lead Length ~ 1/16”) 


Case Capacitance 
(f = 1.0 MHz, Lead Length ~ 1/16”) 


Q, Figure of Merit | TR, Tuning Ratio 


a VR = 1.0 Vdc, f= 1.0 MHz | Vp = 2.0 Vde, f= 1.0 MHz | C2/C10 
pF lee pF ; f= 1.0 MHz f=1.0 MHz] #=1.0 MHz ~ 

| Device | min |_Nom_ Min 

MV1401, H | | | | 2000 


MV1403, H 200 
MV1404, H 


MV1405, H 


PARAMETER TEST METHODS 


1. Lg, SERIES INDUCTANCE . : FIGURE 1 — DIODE CAPACITANCE versus 
Ls is measured on a shorted package at 250 MHz using an 7 REVERSE VOLTAGE 
impedance bridge (Boonton Radio Model 250A RX Meter). 


2. Cc, CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using a capaci- 
tance bridge (Boonton Electronics Model 75A or equivalent). 


3. Cy, DIODE CAPACITANCE 
(CT =Cc+Cy) CT is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


4. TR, TUNING RATIO 
TR is the ratio of Cp measured at 2.0 Vdc (1.0 Vdc for MV1401) 
divided by CT measured at 10 Vdc. 


5. Q, FIGURE OF MERIT 
Qis calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the follow- 
ing equation: 


Cy, DIODE CAPACITANCE (pF) 


QnfC a Vip, REVERSE VOLTAGE (VOLTS) 
Ga 
(Boonton Electronics Model 33AS8). Use Lead Length = 1/16”. 


Q= 
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MOTOROLA 
= SEMICONDUCTOR G& 
TECHNICAL DATA 


MVAM108 
MVAM109 
MVAM115 
MVAM125 


VVC 


TUNING DIODES 
WITH VERY HIGH © 
CAPACITANCE RATIO 


SILICON TUNING DIODE 


'.... designed for electronic tuning of AM receivers and high 
capacitance, high tuning ratio applications. 
® High Capacitance Ratio — Cp = 15 (Min), . 
MVAM 108, 115, 125 | . 
® Guaranteed Diode Capacitance — Ct = 440 pF (Min) — 
560 pF (Max) @ Vp = 1.0 Vde, f = 1.0 MHz, 
MVAM108, MVAM115, MVAM125 


@ Guaranteed Figure of Merit — 
OQ = 150 (Min) @ Vp = 1.0 Vdc, f= 1.0 MHz. 


Reverse Voltage . VR 
. ~~ MVAM 108 
MVAM109 
MVAM115 
MVAM125 


Power Dissipation @ Ta = 25°C : 
Derate Above 25°C 7 


Operating and Storage Junction 
Temperature Range 


LDS 


‘SECT. A-A 


STYLE 1: 
PIN 7. ANODE 
. 2, CATHODE 


MILLIMETERS | INCHES 


Tuning Voltage 
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MVAM108, MVAM109, MVAM115, MVAM125 


ELECTRICAL CHARACTERISTICS (Tag, = 25°C unless otherwise noted, Each Device) 


Characteristic — All Types Symbol | min | Typ | 


Breakdown Voltage V(BR)R Vdc 
- (IR = 10 wAdc) MVAM108 
MVAM 109 
MVAM115 
MVAM125 


Reverse Current 


(Vp = 8.0 V) MVAM108 
(Vp = 9.0 V) MVAM109 
(Vp = 15 V) MVAM115 


(Vp = 25 V) MVAM125 


NO -— =| 
Oo oh 


nAdc 
100 
100 
100 
100 


ppm/°C 


Diode Capacitance Temperature Coefficient (1) 


(VR = 1.0 Vdc, f = 1.0 MHz, Ta = -40°C to +85°) 


Case Capacitance Cc 0.18 
(f= 1.0 MHz, Lead Length 1/16”) 


Diode Capacitance (2) 
(Vp = 1.0 Vdc, f = 1.0 MHz) MVAM108, 115, 125 
MVAM109 


ao) 
7 


Figure of Merit . 
(f = 1.0 MHz, Lead Length 1/16”, VR = 1.0 Vdc) 


ot 
Af 
Of 
Oo 
fa 
op ®) 
s 
ao 
ae?) 
t , 
— 


Capacitance Ratio 


(f = 1.0 MHz) MVAM108 
- MVAM109 C1/C9 
MVAM115 C1/C15 


MVAM125 C1/C25 


—= = = 
ann na 


Notes: 
(1) The effect of increasing temperature 1.0°C, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 
capacitance per °C is nearly constant from -40°C to +100°C. 
(2) Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) at all points 
along the specified tuning range. 


FIGURE 2 — CAPACITANCE versus REVERSE VOLTAGE FIGURE 3 — FIGURE OF MERIT 


Cy, CAPACITANCE (pF) 


O FIGURE OF MERIT (X 100) 


20 


Ee a a 


10 14 18 


Vr, REVERSE VOLTAGE (VOLTS) 
Vp. REVERSE VOLTAGE (VOLTS) 


alk 
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AN211A 
AN215A 


AN267 


AN282A 
AN419 


AN548A 


AN551 
AN555 


AN593_» 


AN721 
AN749 
_ AN758 
AN762 
AN779 


AN790 
AN791 


AN793 
AN860 
AN878 
AN923 
AN938 
AN955 
AN1020 
AN1021 
AN1022 
AN1023 


AN1024 
/AN1025 


AN1026 
AN1027 


AN1028 


APPLICATIONS pevocelos : 


Field Effect Transistors in Theory and Practice . 
RF Small-Signal Design Using Two-Part 
Parameters... 2... 2. ce ee es 
Matching Network Designs with Computer 
Solutions 
Systemizing RF Power Amplifier Design 
UHF Amplifier Design Using Data Sheet 
Design Curves ......--.-.0 00 eee aee 
Microstrip Design Techniques for UHF 
Amplifiers. ............. eee re 
Tuning Diode Design Techniques 
Mounting Stripline-Opposed-Emitter (SOE) 
Transistors 
Broadband Linear Power Amplifiers Using 
Push-Pull Transistors ............... 
Impedance Matching Networks Applied to 
RF Power Transistors. ...........66. 4 
Broadband Transformers and Power Combining 
Techniques for RF... .........0026. 
A Two-Stage 1 kW Solid-State Linear Amplifier . 
Linear Amplifiers for Mobile Operation. ...... 
Low-Distribution 1.6 to 30 MHz SSB Driver 
DESIGNS iets wer ite Bele ee ee 
Thermal Rating of RF Power Transistors ..... 
A Simplified Approach to VHF Power Amplifier 
DOSIGN: 3912 od ee Be oe ee A 
A 15 Watt AM Aircraft Transmitter Power 
Amplifier Using Low-Cost Plastic Transistors . 
Power MOSFETs versus Bipolar Transistors . . . 
VHF MOS Power Applications ........ baat 
800 MHz Test Fixture Design. ........... 
Mounting Techniques for PowerMacro 
anSistor <2 4s eas. 3 Wea a ee he 
A Cost Effective VHF Amplifier for Land Mobile 
FaGiOS 434.30) oa Jant 6. dual 62x ack enka 


) 


A High-Performance Video Amplifier for High 


Resolution CRT Applications........... 
A Hybrid Video Amplifier for High Resolution 
CRT Applications... ............005 
Mechanical and Thermal Considerations In 
Using RF Linear Hybrid Amplifiers........ 
Mounting Techniques for RF Hermetic 
Packages icine kok & Pa SS ORS 
RF Linear Hybrid Amplifiers. ............ 
Reliability Considerations in Design and Use 
of RF Integrated Circuits 
Extending the Range of an Intermodulation 
Distortion Test... 2.0.2.2... 0.0. 2 eee 
Reliability/Performance Aspects of CATV 
Amplifier Design .................. 
35/50 Watt Broadband (160-240 MHz) 
Push-Pull TV Amplifier Band III 


: “AN1029° 
ANt030 
~-AN1031- 


: ANI032 | 
_AN1033 


AN1034 
AN1035 


AN1036 


AN1037 
AN1038 


AN1039 
AR141 


AR164 


AR165S 
AR305 


AR313 
EB8 


EB19 
EB27A 
EB29 


EB37 
EB38 
EB63 


EB74 
EB77 
EB89 
EB90 


EB93 

EB104 
EB105 
EB107 


EB109 


TV ircrnoues Band IV and V, 
“Po .= :6'W/1.0 W 


1. W/2:W Broadband TV Amplifier, — 
~ Band Wand V ool. ei eee 7: 


Lineal RF. Power Module for 50 ee UHF 


TV Amplifier. ae iu wea te ea Ae a, ea 


How Load. VSWR Affects Non- Linear Circuits as 
‘Match Impedances in Microwave Amplifiers . . . 
Three Balun Designs for Push-Pull Amplifiers. . 
150 Watt Linear Amplifier, 2 to 28 MHz, 

13.5 VOID iG) 6 sie. ooh e oka ae Bede hae ee 
7.5 V — Broadband Amplifier — 1.5 W, 20 dB, 

400-512 MHz 
Solid-State Power Amplifier — 300 Watt, FM. . . 
1.2 V, 40-900 MHz Broadband Amplifier 

with the TP3400 Transistor............ 


- 470-860 MHz — Broadband Amplifier —5 W. . 


Applying Power MOSFETs in Class D/E RF 
Power Amplifier Design. ............. 
Good RF Construction Practices and " 
TECHMIGUGS: £35. % ease har Ora eet dl ee aS 
RF Power MOSFETs.............--+-- 
Building Push-Pull, Multioctave, VHF Power 
AMPIRGES. 2.4. 2 om sceee eR Soe oe eG Red He 
Wideband RF Power Amplifier ........... 
How to Apply the MHW709/MHW710 UHF 
Power Modules...........0.-2.2.00+05 
Controlled — Q RF Technology — What it 
Means, How It’s Done............... 
Get 300 Watts PEP Linear Across 2 to 30 MHz 
from this Push-Pull Amplifier... ........ 
The Common Emitter TO-39 and Its 
Advantages. ......-.... 000-225 es 
Amplifier Gains 10 dB Over Nine Octaves .. . 
Measuring the Intermodulation Disortion of 
Linear Amplifiers... .. teal Are ea eae hg 
140 W (PEP) Amateur Radio Linear Amplifier 
2380 MEZ nou chan 88 OS oe ee OS 
A 10 Watt, 225-400 MHz Amplifier — MRF331 . . 
A 60-Watt, 225-400 MHz Amplifier — 2N6439. . . 
A 1-Watt, 2.3 GHz Ampllifier 
Low-Cost VHF Amplifier Has Broadband 
Performance 
60 Watt VHF Amplifier Uses Splitting/Combining 
TOCHNIQUES: 20-50 Gee AS Se RE es 
Get 600 Watts RF from Four Power FETs... . 
A 30 Watt, 800 MHz Amplifier Design... .... 
Mounting Considerations for Motorola RF 
Power Modules...............0005 
Low Cost UHF Device Gives Broadband 
Performance at 3.0 Watts Output ........ 
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RF TRANSISTOR DESIGN 


Class C Power 


The primary concern of the RF transistor designer 
is meeting the requirements for output power, gain, 
and ruggedness at the specified frequency and 
me voltage. 

' Most RF applications typically require 12.5 or 28 
volt operation of a power device in a mobile trans- 
‘mitter, base station, or avionics application. This 
choice dictates the epitaxial layer resistivity. Low 
resistivity, about 1 ohm/cm, is used for mobile 
devices, while 28 V base station and avionics devices 
are usually built using epi with 2 ohm/cm resistivity. 
Epi resistivity controls collector breakdown voltage, 
since the resistivity value determines the maximum 
possible breakdown voltage. Typically, a particular 
device rarely achieves this bulk breakdown value 
because of junction curvature and- surface effects. 
When high voltages are present in an amplifier, 
high breakdown voltages are needed if the transistor 
is to survive. High voltage breakdowns are usually 
obtained by such added features as collector 
depletion rings, or by a high voltage diffusion 
surrounding the relatively’ shallow RF _ base 
diffusion. Voltages in excess of 150 volts are easily 
obtained this way. 

Output power is determined primarily by the 
“electrical size’’ of the chip. Two common methods 


of sizing are emitter diffusion periphery and base > 


diffusion area. Emitter periphery sizing is based on 
the premise that there is some ‘optimum current 
which should be injected for each mil of emitter 
periphery. The base area sizing is based on an 
optimum power density. Both of these techniques 
are oversimplifications which make it impossible 
to apply them to widely varying device geometries 
and applications. Motorola uses a different method 
of sizing based on each geometry’s Current Factor. 
Current Factor values are obtained by considering 
both emitter periphery effects and power density. 
Proper. weighting of both factors makes this 
technique of sizing widely applicable. No matter 
what sizing technique is chosen, the end result is that 
greater power-handling capability requires larger 
chips. Small-signal. devices, with only a_ few 
milliwatts of output power, and large devices with 
100 watts output, range from current factors of 
only 1 to nearly 2000.: | : - % 

An alternative approach: to high output power is 
to use several smaller chips in parallel. Unless extreme 
care is taken, this approach can result in unequal 
current and power sharing. Single large chips are 


- decrease, 


~ device failure. - 


also. susceptible to this sharing problem unless 
specific steps are taken to ensure even current 


distribution. The primary method of handling this 


‘problem. is by the use of well-designed emitter 
. resistor layouts. The lowest value of emitter resistance 
- On a chip is ‘chosen to prevent thermal runaway up 


to the highest temperatures the device may encounter, 
possibly up to 300°C during output impedance 
mismatch conditions. An appropriate — ‘matrix. of 
emitter resistance values is constructed so that the 
overall current distribution among the many parallel 
emitter sites results in an even thermal distribution. 
Verification of thermal balance is obtained by 
precise ‘infrared microscope measurements across 
the entire chip. 

The ‘thermal balance of larger chips is also 
improved considerably by “cell spreading.” In this 
techique the base diffusion area is broken up into 
smaller areas, or cells, and each cell is sufficiently 
removed from those adjacent to eliminate thermal 
interaction. The net effect is to achieve lower 
thermal — resistance. This is exceedingly important 
in large devices. where high power dissipation levels 
can cause excessive junction temperature. when 
thermal resistance is not minimized. Some symptoms 
of excessively high temperature operation are low 
efficiency, power slump, and, frequently, total _ 


The overall ruggedness of a transistor is enhanced 
by many techniques. All of them are aimed at 
preventing two things: junction breakdown due to 
excessive voltages and failure due to hot-spotting. 
Here again, epitaxial. layer. ‘resistivity and thickness 
are used to alter breakdown. voltages and saturated 
output “power. Thermal balancing ‘by base cell 
spreading and using emitter resistors also has a strong 
effect on. ruggedness. These techniques are com- 
monly referred to as collector and emitter ballasting. 
Ballasting of either type. can improve ruggedness for 
a fixed geometry size (current factor), but there is 
a definite trade-off with” gain. Usually increasing 
ruggedness requires decreasing gain unless one is 
willing to pay the penalty of the cost of larger die. 

Large die can also adversely affect gain, since it 


is a practical fact that gain decreases by 2 dB for 


each doubling in current factor. To offset this gain 
the designer .has another technique 
available—increase the packing denisty within the 
chip. The. most common.:method of. measuring 
packing density is with the figure of merit obtained 
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RF TRANSISTOR DESIGN 


from the ratio of emitter periphery (Ep) to base. 


area (Ba) of the chip. Higher Ep/Ba ratios result 
in higher gain. Typically, Ep/Ba ratios are as shown 
in the table. 


Ep/Ba | FREQUENCY 


3-30 MHz 
VHF 


GEOMETRY TYPE 


 Interdigitated 
-Interdigitated or 
Spine (Overlay) 
Spine (Overlay) or 
Mesh (Network) 
Mesh 


UHFE 


800-900 MHz 


Higher Ep/Ba ratios generally mean greater 


processing difficulties. These difficulties are 
somewhat offset by the choice of geometry type. 
Fundamentally, the interdigitated geometry requires 
narrow spacing between emitter and base fingers. 
and narrow finger widths. The maximum Ep/Ba 
ratio obtainable with an interdigitated structure of 
uniform spacing “S" is given by 
| (Ep/B a) Max = 2:48. 

Spacings of 0.08 mil are the minimum easily 
obtainable with current technology, giving a maxi- 
mum figure of merit of 5.6. Actual devices with this 
spacing are usually about 4.5. Building a large power 
~ device using this geometry calls for a great many 
narrow metallization fingers. 


Resistors 


Enlargement of this “interdigitated”’ 
geometry shows emitter resistors that 
have been added to balance the current | 

- throughout the chip. 


This approach: increases the probability of a 
metallization defect linking adjoining fingers and 


constructed of aluminum. 


enhances failures due to metal migration. The spine 
or mesh geometries used for higher figure of merit 
do not completely relieve the tight spacing require- 
ments. in both cases, tight metal spacing is relieved 
while diffusion spacings are not. For example, 
4.5 is the maximum Ep/Ba, ratio. for a 0.1 mil 
spacing with an interdigitated device. Motorola's 
family of UHF power devices MRF641 (15 watt), 
MRF644 (25 watt), MRF646 (45 watt), and 
MRF648 (60 watt) are constructed using a split 
mesh (adjoining emitter fingers are not inter- 
connected). All four devices have an Ep/Ba ratio of 
4 and are built with a 0.1 mil spacing between 
adjacent emitter and P+ diffusion areas. Similar tight 
spacing is required in the mesh geometry used for 
the 800-900 MHz 7, 20, 30, and 40 watt devices. 
Here the spacing is reduced to 0.06 mil, using a mesh | 
geometry. Without tight spacing of emitter to P+ 
such as these devices have, high Ep/Ba ratios will 
not produce good gain. The introduction of the P+ is 
required to maintain full utilization of all elements 
of the emitter periphery. Introducing undulations | 
in the shape of the emitter to increase the periphery 
without a closely spaced P+ will cause some elements 
of the periphery to be debiased due to uneven base 
voltage drops. 

The metal migration failure rate as measured by 
MTBF (Mean Time Before Failure) depends on 
current density, metallization cross-sectional area, 
and activation energy. Activation. energy may be 
varied by the choice of metallization with gold and 
aluminum being the two.most common choices. 
Motorola uses gold metallization for both avionics 
and 28 volt base station devices where continuous 
operation is anticipated. Mobile devices are usually 
In either case, devices are 
designed for a minimum of 10 years MTBF. | 


; Linear Power 


Linear operation © is usually Sohabliahad by 
building the same type of transistor structure as used 
in Class C operation. The major difference is the 
linearity requirements force the use of devices with | 
larger current factors. They are also usually fabricated 
with slightly lower collector resistivity. The combi- 
nation of these factors allows the device to maintain 
good linearity with high power output levels. 
Motorola has led the industry with its family of SSB 
large-chip transistors, MRF421, MRF422, MRF428. 
These chips are large, 140. X 250 mils, and have 
Current Factors approaching 2000. The higher 
voltage devices are built using a combination of both 
depletion rings and deep P+ high voltage diffusions. 
All feature thermal ballasting through emitter 
resistor matrices. . 
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ALLEL EAL ELLE EL ELLLLLLLE 


LA 


o%e% SOX of XS ero retets' Y 


YY RK QC CWSKAK © 220 05058 


a end # Active Ne Emitter (Washoo yee 
based & And Emitter Contact Ar rea 2 age ae 


Nichrome _ 


_ Base Contac -Base Contact ¢ 


Area Emitter Contact Area : Area 


Overlay. Structure. Individual emitter cell blocks are dif- 
fused into a common base region. Emitter interconnection 
runs are made over a passivating silicon dioxide layer, re- 
ducing the need for cultteally thin interdigitated metal 
fingers. 


Base Contact 


AL Emitter Areas 


SES SSR 


SSS SSE ISSA 


Emitter Contact (MESH) N+ Emitter. — Base Contact 


Areas e Areas 
AL , 7 7 
Base _ Emitter Contact Areas Base AL 
‘ Contact 


ontaer 


: aan z EE Be 


Network Emitter Structure. This structure maximizes emit- 
ter periphery to base area ratio but pays for it with increased 
production difficulty and increased contact resistance. 
Motorola employs a thin nichrome barrier (not shown) 
between the silicon and the aluminum metalization in most 
network emitter and overlay devices to prevent aluminum 
metal migration thus improving long-term reliability. 


Unfortunately, 


Smail Signal 


Small-signal devices are constructed from the | 


-same types of geometries as used for power devices 
except. on a much smaller scale of Current Factor. 


The small geometries do not suffer from the gain 
reduction due to size, allowing the use of lower 
Ep/B, ratios for equivalent gain. — 


Quite commonly. small-signal transistors are not 
only required to have a minimum gain, but also 


-a minimum f;,. This parameter is a measure of the 


total ernitter-to-collector transit time. As: the collec- 
tor current is increased, the value of fe increases 
initially, peaks, and then finally decreases. The peak | 
value is determined by the base and emitter region 
transit times. This parameter is controlled by both 
the base junction depth and the emitter doping 
species. Using conventional diffusion processes 
with a single base and emitter diffusion, maximum 
achievable f,; for NPN transistors is about 3-4 GHz 
without severely degrading the normally desirable 
de characteristics, namely BVCEO and hFeE. 

The logical solution is to use arsenic as the 
emitter dopant species. Arsenic: has an. advantage 
over the more commonly used phosphorus diffusion 
source. The concentration dependent diffusivity of 
arsenic causes a very abrupt emitter profile. The 
increased profile gradient reduces ‘the: storage of 
free carriers in the emitter space charge layer, 
reducing the layer transit ‘time, and increasing fy. 

arsenic diffusion . technology is 
difficult at best. Paes 

The simplest method for using arsenic as a dopant 
species is to implant it. Motorola has recently introduced 
transistors with implanted arsenic emitters. These de- 
vices have typical f, of 8 GHz without seeing dc char- 
acteristics. 


A family of tow noise devices. has also been 


fabricated using similar processes. Low noise figure 


(NF) places additional. requirements on both ft, the 
doping density of the base under the emitter, and 
the emitter diffusion width. Through _ special 
controlled processing, excellent NF values are. 
obtained in the 1 to 2 GHz region. This performance 
requires high fz, low base spreading resistance, and 
0.05 mil wide arsenic implanted emitters. 
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FIELD EFFECT TRANSISTORS IN THEORY AND PRACTICE 


INTRODUCTION - 


There are two types of field-effect transistors, the 
Junction Field-Effect Transistor (JFET) and the “Metal- 
Oxide Semiconductor” Field-Effect Transistor (MOSFET), 
or Insulated-Gate Field-Effect Transistor (IGFET). The 
principles on which these devices operate (current con- 
trolled by an electric field) are very similar — the primary 
difference being in the methods by which the control ele- 
ment is made. This difference, however, results in a con- 
siderable difference in device characteristics and necessitates 
variances in circuit design, which are discussed in this note. 


SOURCE 
N-Channel JFET 


P-Channel JFET 


JUNCTION FIELD-EFFECT TRANSISTOR (JFET) 


In-its simplest form the junction field-effect transistor 
starts with nothing more than a bar of doped silicon that 
behaves as a resistor (Figure la). By convention, the ter- 
minal into which current is injected is called the source 
terminal, since,‘as far as the FET is concerned, current 
originates from this terminal. The other terminal is called 
the drain terminal. Current flow between source and drain 
- is related to the drain-source voltage by the resistance of 
the intervening material. In Figure 1b, p-type regions have 
been diffused into the n-type substrate of Figure 1a leaving 


an n-type channel between the source and drain. (A | 


complementary p-type device is made by reversing all of 
the material types.) These p-type regions will be used to 
control the current flow between the source and the drain 
and are thus called gate regions. 

As with any p-n junction, a depletion region surrounds 
the p-n junctions when the junctions are reverse biased 
(Figure 1c). As the reverse voltage is increased, the deple- 
tion regions spread into the channel until they meet, crea- 
. ting an almost infinite resistance between the source and 

the drain. 

If an external. voltage is ‘applied between source and 
drain (Figure 1d) with zero gate voltage, drain current flow 
in the channel sets up a reverse bias along the surface of 
the gate, parallel to the channel. As the drain-source volt- 
age increases, the depletion regions again spread into the 
channel because of the voltage drop in the channel which 
reverse biases the junctions. As Vpg is increased, the deple- 

tion regions grow until they meet, whereby any further 


increase in voltage is counterbalanced by an increase in the 
depletion region toward the drain. There is an effective 
increase in channel resistance that prevents any further 
increase in drain current. The drain-source voltage that 
causes this current limiting condition is called the “pinch- 
off” voltage (Vp). A further increase in drain-source volt-_ 
age produces only a slight increase in drain current. 

The variation in drain current (Ip) with drain-source | 
voltage (Vps) at zero gate-source voltage (VGs) is shown 
in Figure 2a. In the low-current region, the drain current | 
is linearly related to Vps. As Ip increases, the ‘“‘chanriel”’ 
begins to deplete and the slope of the Ip curve decreases. 
When the Vpg is equal to Vp, ID “saturates” and stays 
relatively constant until drain-to-gate avalanche, VBR(DSS) 
is reached. If a reverse voltage is applied to the gates, 
channel pinch-off occurs at a lower Ip level (Figuré 2b) 
because the depletion region spread caused by the reverse- 


SOURCE 


FIGURE 1 — Gevalopitent of Junction 


Field- Effect Transistors | 


"Vp LOCUS 


Vg ———_w (BR) O88 Vps ———_——_» 


(a) (b) 


FIGURE 2 — Drain Current Characteristics 
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biased gates adds to that produced by Vps. Thus reducing 
the maximum current for any value of Vps. 

Due to the difficulty of diffusing impurities into both 
sides of a semiconductor wafer, a single ended geometry is 
normally used instead of the two-sided structure discussed 
above. Diffusion for this geometry (Figure 3) is from one 


side only. The substrate is of p-type material onto which 


an n-type channel is grown epitaxially. A p-type gate is 
then diffused into the n-type epitaxial channel. Contact 
metalization completes the structure. 

The substrate, which functions as Gate 2 of Figure 1, 
is of relatively low resistivity material to maximize gain. 
For the same purpose, Gate 1 is of very low resistivity 
material, allowing the depletion region to spread mostly 
into the n-type channel. In most cases the gates are intern- 
ally connected together. A tetrode device can be realized 
by not making this internal connection. 
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MOS FIELD-EFFECT TRANSISTORS (MOSFET) 

_ The metal-oxide-semiconductor (MOSFET) operates 
with a slightly different control mechanism than the JFET. 

Figure 4 shows the development. The. substrate may be 


high resistivity p-type material, as for the 2N4351. This 


time two separate low-resistivity n-type regions (source and 
drain) are diffused into the substrate as shown in Figure 4b. 
Next, the surface of the structure is covered with an insu- 
lating oxide layer and a nitride layer. The oxide layer 
serves as a protective coating for the FET surface and to 
insulate the channel from the gate. However the oxide is 
subject to contamination by sodium ions which are found 
in varying quantities in all environments. Such contamina- 
tion results in long term instability and changes in device 
characteristics. Silicon nitride is impervious to sodium 
ions and thus is used to shield the oxide layer from conta- 


mination. Holes are cut into the oxide and nitride layers | 


allowing metallic contact to the source and drain. Then, 
the gate metal area is overlayed on the insulation, covering 
the entire channel region and, simultaneously, metal con- 
tacts to the drain and source are made as shown in Figure 
4d. The contact to the metal area covering the channel is 
the gate terminal. Note that there is no physical penetra- 
tion of the metal through the oxide and nitride into the 
substrate. Since the drain and source are isolated by the 
substrate, any drain-to-source current in the absence of 
gate voltage is extremely low because the structure is 
analogous to two diodes connected back to back. 

The metal area of the gate forms a capacitor with the 
insulating layers and the semiconductor channel. The metal 


area is the top plate; the substrate material and channel 
are the bottom plate. hn ee & ) : 
_ For the structure of Figure 4, consider a positive gate 
potential (see Figure 5). Positive charges at the metal side 
of the metal-oxide capacitor induce a corresponding nega- 
tive charge at the semiconductor side. As the positive 
charge at the gateis increased, the negative charge “induced” 
in the semiconductor increases until the region beneath. 
the oxide effectively becomes an n-type semiconductor © 
region, and current.can flow between drain and source 
through the “induced” channel. In other words, drain 
current flow is “enhanced” by the gate potential. Thus 
drain current flow can be modulated by the gate voltage; 
ie. the channel resistance is directly related to the gate 
voltage. The n-channel structure may be changed to a p- 
channel device by reversing the material types. | 

An equivalent circuit for the MOSFET is shown in 
Figure 6. Here, Co(ch) is the distributed gate-to-channel — 
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capacitance representing the nitride-oxide capacitance. 
Cys is the gate-source capacitance of the metal gate area 
overlapping the source, while Coq is the gate-drain capaci- 
tance of the metal gate area overlapping the drain. Cd(sub) 
and Cs(sub) are junction capacitances from drain to sub- 
strate and source to substrate. Yfz is the transadmittance 
between drain current and gate-source voltage. The modu- 
lated channel resistance is rqs. Rp and Rs are the bulk 


resistances of the drain and source. 
The input resistance of the MOSFET is exceptionally 


high because the gate behaves as a capacitor with very low _ 


leakage (Tin © 1014). The output impedance is a function 
of rds (which is related to the gate voltage) and the drain 
and source bulk resistances (Rp and Rs). 

To turn the: MOSFET “‘on”, the gate-channel eae 
tance, Ce(ch); and the Miller capacitance, Cod, must be 
charged. In turning “on”, the drain-substrate capacitance, 
Ca(sub), must, be discharged. The resistance of the sub- 
strate determines the peak eee current for this 
capacitance. 

The FET just described is called an enhancement-type 
MOSFET. A depletion- type MOSFET can be made in the 
following manner: Starting with the basic structure of 
Figure 4, a moderate resistivity n-channel is diffused 
between the source and drain so that drain current can 
flow when the gate potential is at Zero volts (Figure 7). 
In this manner, the MOSFET can be made to exhibit deple- 
tion characteristics. For positive gate voltages, the structure 
enhances in the same manner as the device of Figure 4. 
With negative gate voltage, the enhancement process is 
reversed and the channel begins to deplete of carriers as 
seen in Figure 8. As with the JFET, drain-current flow 
depletes the channel area nearest the drain first. 

The structure of Figure 7, therefore, is both a depletion- 
mode and an enhancement-mode device. 


MODES OF OPERATION 

There are two basic modes of operation of FET’s- — deple- 
tion and’ enhancement. Depletion mode, as previously 
mentioned, refers to the decrease of carriers in the channel 


due to variation: in gate voltage. Enhancement mode refers _ 


to the increase of carriers in the channel due to application 


of gate voltage. A third type of FET that can operate in 


both the depletion and the enhancement modes has also 
been described. 


The basic differences between these ‘modes can most - 


easily be understood by examining the transfer character- 
istics of Figure 9. The depletion-mode device has con- 
siderable drain-current flow for zero gate voltage. Drain 
current is reduced by applying a reverse voltage to the 
gate terminal. The depletion-type FET is not eee 
ized with forward gate voltage. ° 

~The depletion/enhancement mode type device also has 
considerable drain current with zero gate voltage. This 
type device is defined in the forward region and may have 
usable forward characteristics for quite large gate voltages. 
Notice that for the junction FET, drain current may be 
enhanced by forward gate. voltage only until the gate- 


_ source p-n junction becomes forward biased. 


The third type of FET operates only in the enhance- 
ment.mode. This FET has extremely low drain 
flow for zero gate-source voltage. Drain current con- 
duction occurs for a VGs greater than some threshold 
value, VGS(th). For gate voltages greater than the thresh- 
old, the transfer characteristics are similar to the deplenion) 
enhancement mode FET. 
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haracteristics and Associated Scope Traces for the Three FET i ; 


ELECTRICAL CHARACTERISTICS 


~ Because the basic mode of operation for field-effect 
devices differs greatly from that of conventional junction 
transistors, the terminology and specifications are neces- 
sarily different. An understanding of FET terminology 
and characteristics are necessary to evaluate their compara- 
tive merits from data-sheet specifications. | 7 


Static Characteristics . 


Static characteristics define the Operation of an active - 


device under the influence of applied dc operating condi- 
tions. Of primary interest are those specifications that 
indicate the effect of a control signal on the output current. 
The VGs-—Ip transfer characteristics curves are illustrated 
in Figure 9 for the three types of FETs. Figure 10 lists 
the data-sheet specifications normally employed to describe 
these curves, as well as the test circuits that yield the 
indicated specifications. 

Of additional interest is the special case of tetrode- 
connected devices in which the two gates are separately 


applicable to tetrode-connected devices: 


accessible for the application of a control signal. The 
pertinent specifications for a junction tetrode are those 
which define drain-current cutoff when one of the gates is 
connected to the source and the bias voltage is applied to 


the second gate. These are usually specified as VG1S(off); 


Gate 1 — source cutoff voltage (with Gate 2 connected to 


source), and VG2S(off), Gate 2 — source cutoff voltage 


(with Gate 1 connected to source). The gate voltage re- 
quired for drain current cutoff with one of the gates con- 
nected tothe source is always higher than that for the 
triode-connected case where both gates are tied together. - 
Reach-through voltage is another specification uniquely 
This defines the 
amount of difference voltage that may be applied to the 


two gates before the depletion region of one spreads into 


the: junction of the other —. causing an increase. in gate 
current to some small :specified value... Obviously, reach- — 
through is an undesirable condition since it causes .a de- 


‘crease in input resistance as a result of an increased. gate 
current, and large amounts of reach-through current. can 
destroy the FET. 
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Gate Leakage Current 


Of interest to circuit designers is the input resistance 
of an active component. For FETs, this characteristic is 
specified in. the form of IGss - — the reverse-bias gate-to- 
source current with the drain shorted to the source (Fig- 
ure 11). As might be expected, because the leakage current 


‘across a reverse-biased p-n junction (in the case of a JFET) | 


and across a capacitor (in the case of a MOSFET) is very 
small, the input resistance is extremely high. At a tempera- 


ture of 25°C, the JFET input resistance is hundreds of ~ 


megohms while. that of a MOSFET is even greater. For 
junction devices, however, input resistance may decrease 
by several orders of magnitude as temperature is raised to 
150°C. Such devices, therefore, have gate-leakage current 
specified at two temperatures. Insulated-gate FETs are 
not drastically affected by temperature, and their input resist- 


ance remains extremely high even at elevated temperatures. | 


Gate leakage current may also be specified as IGDO 
(leakage between gate and drain with the source open), or 
as IGso (leakage between. gate. and source with the drain 
open). These usually result i in lower values of leakage cur- 
rent and do not represent worst-case conditions. The IGss 
specification, therefore, is usually preferred by the user. 


Voltage Breakdown a 
A variety of specifications can be used to indicate the 
maximum voltage that may be. applied to various elements 
of a FET. Among those in common use are the following: 
V(BR)GSS = Gate-to-source breakdown voltage 
V(BR)DGO = Drain-to-gate breakdown voltage 
V(BR)DSX = Drain-to-source breakdown voltage 
(normally used only for MOSFETs) 


(beyond IpGo). For both V(BR)DGO and V(BR)GSS 
specifications, breakdown should normally occur at the 
same voltage value. 

From Figure 2 it is seen that avalanche occurs at a lower 
value of Vps when the gate is reverse biased than for the 


_ gero-bias condition. This is caused by the fact that the 


reverse-bias gate voltage adds to the drain voltage, thereby 


increasing the effective voltage across the junction. The 


maximum amount of drain-source voltage that may be ap- 


_ plied VDs(max) is, therefore, equal to V(BR)DGO minus 
-VGs, which indicates avalanche with reverse bias gate 


voltage applied. 
For MOSFETs, the breakdown mechanism is somewhat 
different. Consider, for example, the enhancement-mode 


-structure of Figure 5. Here, the gate is completely insulated 


from the drain, source, and channel by an oxide-nitride 
layer. The breakdown voltage between the gate and any of 
the other elements, therefore, is dependent on the thick- 
ness and purity of this insulating layer, and represents the 
voltage that will physically puncture the layer. Conse- 
quently, the voltage must be specified separately. 

The drain-to-source breakdown is a different matter. 
For enhancement mode devices, with the gate connected 
to the source (the cutoff condition) and the substrate 
floating, there is no effective channel between drain, and 
source and the applied drain-source voltage appears 
across two opposed series diodes, represented by the 
source-to-substrate and substrate-to-drain junctions. Drain 
current remains at a very low level (picoamperes) as 


_ drain voltage is increased until the drain voltage reaches a 


In addition, there may be ratings and specifications indi- .. | 


cating the maximum voltages that may be applied between 
the individual gates and the drain and source (for tetrode- 
connected devices). Obviously, not all of these specifica- 
tions are found on every data sheet since some of them 
provide the same information in somewhat different form. 
By understanding the various breakdown mechanisms, 
however, the reader should be able to interpret the intent 
of each specification and rating. For example: 

In junction FETs, the maximum voltage that may be 
ete between any two terminals is the lowest voltage 
that will lead to breakdown or avalanche of the gate junc- 
tion. To measure V(BR)GSS (Figure 12a), an increasingly 
higher reverse voltage is applied between the gate and the 
‘source. Junction breakdown is indicated.by an increase 
in gate current (beyond IGss) which signals the poner 
of avalanche. — 

Some reflection will. reveal that for junction FETs, the 
V(BR)DGO specification really provides the same. informa- 
tion as V(BR)GSS- For this measurement, an increasing 
voltage is applied between drain and gate. When this ap- 
plied voltage becomes high enough, the drain-gate junction 
will go into avalanche, indicated either by a significant 
increase in drain current or by an increase in gate current 


value that causes reverse (avalanche) breakdown of the 
diodes. This particular condition, represented by 


‘V(BR)DSS, is indicated by an increase in Ip above the 


Ipss level, as shown in Figure 12b. 

For depletion/enhancement mode _ devices, the 
V(BR)DSS symbol is sometimes replaced by V(BR) 
DSxX. Note that the principal difference between the two _ 
symbols is the replacement of the last subscript s with the 
subscript x. Whereas the s normally indicates that the gate 
is shorted to the source, the x indicates that the gate is 
biased to cutoff or beyond. To achieve cutoff in these 
devices, a depleting bias voltage must be applied to the 
gate, Figure 12b. 

An. important static characteristic for switching FETs 
is the “ton” drain-source voltage VDS(on)- This character- 
istic for the MOSFETs is a function of VGs, and resembles 
the VCE(sat) versus Ip characteristics of junction tran- 


_sistors. The curve for these characteristics can be used as 


a design guide to determine the minimum gate voltage 
ney te achieve a specified output logic level. 


Dynamic Characteristics 


Unlike the static characteristics, the avian character- 
istics of field-effect transistors apply equally to all FETs. 
The conditions and presentation of the dynamic charac- 
teristics, however, depend largely upon the intended 
application. For example, the following table indicates 
the dynamic characteristics needed to adequately describe 
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DESCRIPTION 


Zero-gate-voltage drain current. 
Represents maximum drain current. 


CHARACTERISTIC 
loss @ Ves = O, 
Ve < Vos << Viar} pss 
Ves (oft) @ Ip = 0.001 loss, 
Vp << Vos < Vier) pss 


Gate voltage necessary to reduce Ip to 
some specified negligible value at the rec- 
ommended Vps, i.e. cutoff. 


Ves @ Ip = 0.1 loss, 
Vp < Vos < V(eR) oss 


Gate voltage for a specified value of Ip 
between Moss and Ips at cutoff — normally 


_tADIUST FOR wl co 


“MODE. MOSFETs — 


CHARACTERISTIC DESCRIPTION 


Ip{on} @ Ves > 0, An arbitrary current value (usually near 
max rated current) that locates a point in 
Ve < Vos < Vier) oss the enhancement operating mode. 


loss @ Ves = 0, Vp < Vos < Vise} DSS 
Ves (ott) @ Ip = 0.001 Iss, 


Zero-gate-voltage drain current. 


Voltage necessary to reduce Ip to some 
specified negligible value at the recom- 
mended Vps, i.e. cutoff. 
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Chopper 


Audio Switching 


Y¢s (1 kHz) | Yes (1 kHz) 
Ci: Ciss Ciss . Ciss 
Cis . C.33 Cass Cus 
— Yos (1 kHz) | GP Cd jsut) Cd pub) 
NF Re(y;,) (HF) Tas ton} Fads {on) 
Re(y.s) (HF) tar, ta 
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a FET for various 1s applications. 

Yfs The forward transadmittance is a key ‘iynioue char- 
acteristic for field-effect transistors. It serves as a basic 
design parameter in audio and rf circuits and is a widely 
accepted figure of merit for devices. 


Because field-effect transistors have many characteristics 


similar to those of vacuum tubes, and because many en- 
gineers still are more comfortable with tube parameters, 
the symbol gm used for tube transconductance is often 
specified instead of yfs. To further confuse things, the 
“*g”? school also uses a variety of subscripts: In addition 
to gm, some data sheets show gfs while otherseven showg?}. 
| Regardless of the symbol used, yfg defines the relation 
between an input signal voltage and an outputsignal current: 
_Yfs = AIp/AVGs 
j Vps =K 


The unit is the mho — current divided by voltage. Fig- 
ure 13 is a typical yfg test circuit for a junction FET. © 

As acharacteristic of all field-effect devices, yfs is speci- 
fied at 1 kHz with a Vps the same as that for which Ip(on) 
or Ipss is characterized. Since yfs has both real and imag- 
inary components, but is dominated by the real component 
at low frequency, the 1 kHz characteristic is given as an 
absolute magnitude and indicated as lyfg|. 

It is interesting to note that yfs varies considerably with 
Ip due to nonlinearity in the Ip—VG¢s characteristics. This 
variation, for a typical n-channel, JFET is illustrated 
in Figure 14. Obviously, the operating point must be care- 
fully selected to provide the desired yfs and signal swing. 


For tetrode-connected FETs, three yf; measurements 
are usually specified on data-sheet tables. One of these, 
with the two gates tied together, provides a yf, value for 
the condition where a signal is applied to-both gates simul- 
taneously; the others provide the yf, for the two gates 
individually. 
Yfs is higher and more gain may be realized in a given circuit. 
Because of the increased capacitance, however, gain-band- 
width product is much lower. uF 

For rf field-effect transistors, an additional value of yfs 
is sometimes specified at or near the highest frequency of 
operation. This value should also be measured at the same 
voltage conditions as those used for Ip(on) or Ipss. Be- 


cause of the importance of the imaginary component at 


radio frequencies, the high-frequency yfs specification 
should be a complex representation, and should be given 


Generally, with the two gates tied together, 


|Y¢s|, FORWARD TRANSFER ADMITTANCE (umbhas) 


either in the specifications table or by means of curves show- 
ing typical variations, asin Figure 15 for the MPF102 JFET. 

The real portion of this high-frequency yfs, Re (yfs) or 
G7], is usually considered a significant figure of merit. 
Yos Another FET parameter that offers a direct vacuum 
tube analogy is yos, the output admittance: 


Yos = Alp/AVps 
VGs=K 


In this case, the analogous tube parameter is rp — ie., 
Yos = 1/Tp. For depletion mode devices, yos is measured 
with gate and source grounded (see Figure 16). For 
enhancement mode units, it is measured at some specified 
Vcs that permits substantial drain-current flow. 


As with yfs, many expressions are used for yos. In 


Rg TYPICALLY E MQ 
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FIGURE 13 -— Typical Yfs Test Circuit 
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FIGURE 14 — Forward Transfer Admittance versus 
Drain Current for Typical JFETs 
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addition to the obvious parallels such as Y¥22, Zos, and g29, 
it is also sometimes specified as rg, where td = 1/yos. 


Voltages and frequencies for measuring yos should be 


exactly the same as those for measuring yfs. Like yfg, it is 
a complex number and should be specified as a magnitude 
at 1 kHz and in complex form at high frequencies. 

ul Closely related to Yos and Yfs is the amplification 
factor, p: 


= AVps/AVGES 
Ip=K 


The amplification factor does not appear on the field- 
effect transistor registration format but can be. calculated 
a8 yfs/Yos- For most small-signal applications, y has little 
circuit significance. It does, however, serve as a general 
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FIGURE 15 — Forward. Transfer Admittance 
versus Frequency 
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indication of the quality of the field-effect manufacturing 
process. 


Ciss The common-source-circuit input capacitance, Cisg, 
takes the place of yjs in low-frequency field-effect tran- 
sistors. This is because yjs is entirely capacitive at low fre- 
quencies. Cjgg is conveniently measured in the circuit of 
Figure 17 for the tetrode JFET. As with yfs, two measure- 
ments are necessary for tetrode-connected devices. 


At very high frequencies, the real component of yis 
becomes important so that rf field-effect transistors should 
have yjs specified as a complex number at the same condi- 
tions as other high-frequency parameters. For tetrode- 
connected rf FETs, reading of both Gate 2 to source and 
Gate 1 tied to Gate 2 are necessary. 

In switching applications Cjsg is of major importance 
since a large voltage swing at the gate must appear across, 
Ciss. Thus, Cisg must be charged by the input voltage 
before turn-on effectively begins. 


Crss Reverse transfer admittance (y;s) does not appear on 
FET data sheets. Instead Cygg, the reverse transfer capa- 
citance, is specified at low frequency. Since yrs for a field- 
effect transistor remains almost completely capacitive and 
relatively constant over the entire usable FET frequency 
spectrum, the low-frequency capacitance is an adequate 
specification. Crsg is measured by the circuit of Figure 18. 

For tetrode FETs, values should be specified for Gate 1 
and for both gates tied together. 


Ves 
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Again, for switching applications Cygg is a critical char- 
acteristic. Similar to the Cobh of a junction transistor, 
Crsg must be charged and discharged during the switching 
interval. For a chopper application, Crsg is the feed- 
through capacitance for the chopper drive. 


Cd(sub) | For the MOSFET, the drain-substrate junction 
capacitance becomes an important characteristic affecting 
the switching behavior. Cq(sub) appears in parallel with 
the load in a switching circuit and must be charged and 
discharged between the two logic levels during the switch- 
ing interval. 


Noise Figure (NF) Like all other active components, 
field-effect transistors generate a certain amount of noise. 
The noise figure for field-effect transistors is normally spe- 
cified on the data sheet as “spot noise”, referring to the 
noise at a particular frequency. The noise figure will vary 
with frequency and also with the resistance at the input 


of the device. Typical graphs of such variations are illus- 


trated in Figure 19 for the 2N5458. From graphs of this 
kind the designer can anticipate the noise level inherent 
in his design. 


Ids(on) Channel resistance describes the bulk resistance 
of the channel in series with the drain and source. From 
an applications standpoint, it is important primarily for 
switching and chopper circuits since it affects the switch- 
ing speed and determines the output level. To complete 
the confusion of multiple symbols for FET parameters, 
channel resistance is sometimes indicated as rq(on) and 
also as rps and rds. In either case, however, it is measured, 
for JFETs, by tying the gates to the source, setting all 
terminals equal to 0 Vdc, and applying an ac voltage from 
drain to source (see Figure 20). The magnitude of the ac 
voltage should be kept low so that there will be no pinch- 
off in the channel. Insulated-gate FETs may be measured 
with dc gate bias in the enhancement mode. 


APPLICATIONS 


Device Selection 


Obviously, different applications call for special em- 
phasis on specific characteristics so that a simple figure of 
merit that compares devices for all potential uses would 
be hard to formulate. Nevertheless, an attempt to pinpoint 
the characteristics that are most significant for various ap- 
plications has been made* to permit a rapid, first-order 
evaluation of competitive devices. 

The most important single FET parameter, one that 
applies for any amplifier application, is yfs. This param- 
eter, or one of its many variations, is specified on most data 


*Christiansen, Donald, “Semiconductors: The New Figures 
of Merit,’’ EEE, October, 1965. 
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FIGURE 19 — Typical Variations of FET Noise Figure 
with Frequency and Source Resistance 
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sheets, yet some evaluation is required to come up witha 
reasonable comparison. For example, in the table of 
electrical characteristics on most JFET data sheets, yfg is 
specified at Ipss (VGS = 0) where, for JFETs devices, 
yfs is maximum. This is illustrated in Figure 14, where 
typical variations of yfs as a function of Ip are plotted. 
For some small-signal applications, the Ipss (VGs = 0) 
point can actually be used as a dc operating point because 
small-signal excursions into the forward bias region will 
not actually cause the gate-source junction to become 
forward-biased. However, in most practical uses, some bias 
is necessary to allow for the anticipated signal swing; and 
it must be recognized the yfs goes down as the bias is 
increased. 


It is seen, also, that maximum yfs increases as IDss 
increases so that, where maximum yfs is important, a de- 
vice with a high Ipsg specification is normally desirable. 


On the other hand, where power dissipation is a factor 
to be considered, the figure of merit yfs/VGS(off) DSS 
has been proposed. This term factors in not only Ipss, 
which should be low if power dissipation is to be low, but 
also VGS(off): which indicates maximum input voltage 
swing. Since the signal peaks are represented by VGS = 
VGS(off) and Vgs = 9, the lower VGS(off), the higher 
the figure of merit. And, for amplifier applications re- 
quiring a large signal swing, V(BR)GSS/VGS(off) (assuming 
that VGS(off) is the “pinch-off” voltage) is a satisfactory 
merit figure because it indicates the ratio of maximum and 
minimum drain voltages. ; 


For high-frequency circuits, the input capacitance (Cjss) 


0 
+12V 


TO MIXER 
MPF102 D0 


FIGURE 21 — RF Stage of Broadcast Auto Radio 


cm ; 0 
TUNING 


and the Miller-effect capacitance (Cyss) become important, 
SO yfs/(Cisg +.Cyss) indicates a relative measure of device 
performance. For switching and chopper circuits, a figure 
of merit is not often useful. Here the magnitudes of Cigg, 
Crss, Cd(sub) and rds are of primary interest. . 
Circuits 

The types of circuits that can utilize FETs are practically 
unlimited. In fact, many circuits designed to utilize small- 
signal pentode tubes can utilize FETs with only minor 
modifications. For example, the circuit in Figure 21 shows 
a typical rf stage for a broadcast-band auto radio. In this 
circuit,a MPF 102 n-channel JFET has replaced the 12BL6 
pentode normally employed. The specifications for the 
two devices, including the AGC characteristics, are similar 
enough to perform adequately in the circuit of Figure 21. 

In an audio application, a field-effect transistor such as 
the 2N5460 can be combined with a high voltage bipolar 
transistor to make a simple line-operated phonograph ampli- 
fier such as that shown in Figure 22. The ceramic pickup 
is connected through a potentiometer volume control to 
the field-effect transistor. Collector current of the tran- 
sistor, in turn, is set by the potentiometer in the source of 
the FET. With the proper bipolar output transistor, the 
circuit can be driven directly from the rectified line volt- 
age, while the low voltage for the FET can be derived from 
a voltage divider in the power supply line. 


-MFE4007 [—, 


- FIGURE 22 — Line Operated Phono Amplifie 
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Figure 23 shows three basic chopper circuits. The ad- 
vantage of the more complex series-shunt circuit (24c) is 


As newer and better FETs are introduced and as a larger 
number of designers learn to use them, the range of appli- 


that it balances out the leakage currents of the FETs in cations of FETs should broaden considerably. 


order to reduce voltage error and is used to attain high 
chopping frequencies. From an applications standpoint, 
the FET circuit is superior to a junction transistor circuit 
in that there is no offset voltage with the FET turned on. 
On the minus side, however, the field-effect-transistor 
chopper generally has a higher series resistance (*ds(on)) 
than the junction transistor. 


With its high input impedance, the field-effect transistor 
will play an important role in input circuitry for instru- 
mentation and audio applications where low-impedance 
junction transistors have generally been least successful. 


MFE2012 


MFE2012 MFE2012 


(a) SERIES CHOPPER CIRCUIT 


Rs 
MFE2012 


» (ce) SERIES-SHUNT CHOPPER 


(b) SHUNT CHOPPER 


Figure 23 — FET Chopper Circuits 


Circuit diagrams external to Motorola products are included as a means of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care- 
fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola fae: or others. 
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RF SMALL SIGNAL DESIGN 
USING TWO-PORT PARAMETERS 


Prepared by: 
Roy Hejhall 


INTRODUCTION 


Design of the solid-state, small-signal RF amplifier 
using two-port parameters is a systematic, mathematical 
procedure, with an exact solution (free from approxima- 
tion) available for the complete design problem. The only 
sources’ of error in the final design are parameter 
variations resulting from transistor parameter distributions 
and strays in the physical circuit. Parameter distributions 
result from limits in measurement and random variations 
among identically designed transistors. 

The purpose of this paper is to provide, in a single 
working reference, the important relationships necessary 
for the complete solution of the RF small-signal design 
problem using two-port parameters. 

The major portion of the report presents design 
equations in terms of admittance parameters. A section on 
design with scattering parameters is also included. 

This paper is based on work by Linvill!, Stern2, and 
others. Those who may wish to consider the derivations of 
some of the expressions should refer to the bibliography. 

This report assumes that the reader is familiar with the 
two-port parameter method of describing a linear active 
network. Several references are available on this sub- 
ject. 1 ,2,0,8, 11, 12 

It has also been assumed that a caine transistor or 
other active device for the task at hand has been selected, 
and that two-port parameters are available for the 
frequency and bias point which will be used. Device 
selection will not be covered as a separate topic in this 
report; rather, a thorough understanding of the material in 
the report should provide the designer with the tools he 
needs to select transistors for a particular small-signal 
application. 

The equations given in the text of this report are 
applicable to the common-emitter, common-base, or 
common-collector configuration, if the applicable set of 
parameters (Ccommon-emitter, common-base, or common- 
collector parameters) is used. Equations for the conver- 
sion of the admittance or hybrid parameters of any 
configuration to either of the other two configurations of 
the same parameter set are given in the appendix. 

While directed primarily toward circuit design with 
conventional bipolar transistors, two-port network theory 
has the advantage of being applicable to any linear active 
network (LAN). The same design approach and equations 
may therefore be used with field effect transistors/»?: 
integrated circuits!0, or any other device which may be 


described as a iiiedy active two-port network. 
Finally, various parameter interrelationships and other 
data are given in the Appendix. 


GENERAL DESIGN CONSIDERATIONS 


Design of the RF small-signal tuned amplifier is usually 
based on a requirement for a specified power gain at a 
given frequency. Other design goals may include band- 
width, stability, input-output isolation, and low noise 
performance. After a basic circuit type is selected, the 
applicable design equations can be solved. 

Circuits may be categorized according to feedback 


‘ (neutralization, unilateralization, or no feedback), and 


matching at transistor terminals (circuit admittances 
either matched or mismatched to transistor input and 
output admittances). Each of these circuit categories will 
be discussed, including the applicable design equations 
and the considerations leading to the selection of a 
particular configuration. 


STABILITY 


A major factor in the overall design is the potential 
stability of the transistor. This may be determined by 
computing the Linvill stability factor! C using the 
following expression: 


| ¥12 Yai 
C= (1) 
881, S97 Re Wy 2¥p)) 


When C is less than 1, the transistor is unconditionally 
stable. When C is greater than 1, the transistor is 
potentially unstable. 

The C factor is a test for stability under a hypothetical 
worst case condition; that is, with both input and output 
transistor terminals open circuited. With no external 
feedback, an unconditionally stable transistor will not 
oscillate with any combination of source and load. If a 
transistor is potentially unstable, certain source and load 
combinations will produce oscillations. 

Although the C factor may be used to determine the 
potential stability of a transistor, the conditions of open 
circuited source and load which are assumed in the C 
factor test are not applicable to a practical amplifier. 


+Re (Y12Y21) = Real part of (Y12Y21) 
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Consequently it is also desirable to compute the relative 
stability of actual amplifier circuits, and Stern2 has 
defined a stability factor k for this purpose. The k factor 
is similar to the C factor except that it also takes into 
account finite source and load admittances connected to 
the transistor. The expression for k is: | 


2 (814 + G.) +G) 


(E22 


k (2) 


[Y1a¥a1] + Re (yove1) 


If k is greater than one, the circuit will be stable. If k is 
less than one, the circuit will be potentially unstable and 
will very likely oscillate at some frequency. 

Note that the C factor simply predicts potential 
stability of a transistor with an open circuited source and 
load, while the k factor provides a stability computation 
for a specific circuit. 

Stability considerations will be discussed further in the 
descriptions of each basic circuit type to follow. 


GENERAL DESIGN EQUATIONS 


There are a number of design equations which are 
applicable to most types of amplifiers. These equations 
will be discussed first. Descriptions of specific amplifier 
types will then follow, and each will contain additional 
design equations applicable to that particular amplifier. 


POWER GAIN - 


The general expression for power gain is: 


|¥1] 7 Re (Yy) 
(3) 


7 2 ~ Vqo¥ 
9+ Y 


Yo L 


Equation 3 applies to circuits with no external feed- 
back. It can also be used with circuits which have external 
feedback if the composite y parameters of both the 
transistor and the feedback network are substituted for 
the transistor y parameters in the equation. The com- 
posite y parameters are determined by considering the 
transistor and the feedback network to be two “black 
boxes”’ in parallel: 


Feedback 
Network 


ak eae ee ad 
HERPES overeat | ae meaner 


For example, the above combination of transistor and 


feedback network may be characterized as a single “black 
box” by the following equations:+ 


Vite Yat * Yaae 
Yiac = Yuot * Yioe 
Yore ~ Yait * Yat 


Yoac ~ Yoat * Yoor 


Where: 
Ylle> V 12; Y21c> ¥22c are the composite y parameters 
of the parallel combination of transistor and. feedback 
network. 
Yil1t» Y12t. Y21t- Y22t are the y parameters of the 
transistor. 


Y11f; Y12f. Y21f. yY22f are the y parameters of the 
feedback network. 


Note that, since this approach treats the transistor and 
feedback network combination as a single “black box” 
with y}1c, Y12c, Y21c, and y22¢ as its y parameters, the 
composite y parameters may therefore be substituted in 
any of the design equations applicable to a linear, active 
two-port analysis. | 

The neutralized and unilateralized amplifiers are special 
cases of this general concept, and equations associated 
with those special cases will be given later. 

Equation 3 provides a solution for power gain of the 
linear active network (transistor) only. Input and output 
networks are considered to be part of the source and load, 
respectively. Two important points should therefore be 
kept in mind: 

(1) Power gain computed from equation 3 will not 
take into account network losses. Input network 
loss reduces power delivered to the transistor. 
Power lost in the output network is computed as 
useful power output, since the load admittance 
YL is the combination of the output network 

_and its load. | 
Power gain is independent of source admittance. 
An input mismatch results in less input power 
being delivered to the transistor. Accordingly, 
note that equation 3 does not contain the term 
Ye 

The power gain of a transistor together with its 
associated input and output networks may be computed 
by measuring the input and output network losses, and 
subtracting them from the power gain computed with 
equation 3. 

In some cases it may be desirable to include the effects 
of input matching in power gain computations. A con- 
venient term is transducer gain GT, defined as output 
power delivered to a load by the transistor, divided by the 


(2) 


tRefer to Seshu and Balabanian, “Linear Network 
Analysis,’’ John Wiley and Sons, 1959, P321 
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maximum input power available from the source. 
The equation for transducer gain is: 


2 
4 Re (Y,) Re (Y,) |y23| 


eee ee (5) 
[11 * Ys) Wan + %) - Ya2¥aa| 


In this equation, YL, is the composite transistor load 
admittance-composed of both output network and its 
load, and Ys is the composite transistor source admit- 
tance-composed of both input network and its source. 
Therefore, transducer gain includes the effects of the 
degree of admittance match at the transistor input 
terminals but does not take into account input and output 
network losses. 

As in equation 3, the composite y parameters of a 
transistor feedback network combination may be substi- 
tuted for the transistor y parameters when such a 
combination is used. . 

The Maximum Available Gain MAG is an often used 
transistor figure-of-merit. The MAG is the theoretical 
power gain of a transistor with its reverse transfer 
admittance y}7 set equal to zero, and its source and load 
admittances conjugately matched to y;, and y22, respec- 
tively. 

If y12 = 0, the transistor exhibits an input admittance 
equal to yj} and an output admittance equal to y22.+ 
The equation for MAG is, therefore, obtained by solving 
the general power gain expression, equation 3, with the 
conditions 


Yio 79 


* 
5 se is 
* 
ane ye Fat 
where * denotes conjugate 


which yields: 


2 
| 
MAG = ——__________ (6) 
4 Re (y,,) Re (Yoo) 


MAG is a figure of merit only, since it is physically 
impossible to reduce y12 to zero without changing the 
other parameters of the transistor. An external feedback 


network may be used to achieve a composite y12 of zero, 


but then the other composite parameters will also be 
modified according to the relationships given in the 


discussion of the composite transistor — feedback net- 


work “‘black box.”’ 


tObtained by solving the equations for transistor YIN and 
YOUT with y 12 equal to zero. These equations are given 
later in the report. 


CASCADED LAN’S 


Design calculations for cascaded LAN’s may be per- 
formed by first computing composite two-port parameters 
as was done in the case of the parallel LAN’s. 

For the following cascaded LAN’s 


The composite y parameters are: 


Vout Vows 
_ __ 12a "21a 
Yate “Vita Yooa t¥11p - 
ee Yi0p Yaib 
22c 7 22b Yoon * ¥14b (7) 
ce _ Yeta Yet - 
oe Yooa * Y11p 
ne _ % 12a %12b 
126 Yooa * V1 


where Yilc, Y22c> Y21c, Y12c are the os y 
parameters of the cascaded LAN’s. 


TRANSISTOR INPUT AND OUTPUT ADMITTANCES 


The expression for the input admittance of a transistor 
is: 


ee (8) 


The expression for the output admittance of a tran- 
sistor is: 


aa (9) 


When the feedback parameter y 2 is not zero, YIN is 
dependent on load admittance and YQUT is cepenoet on 
source admittance. 


“AMPLIFIER STABILITY 


One of the major considerations in RF amplifier design 
is stability. The stability of a final design can be assured 
by including stability computations and considering stabil- 
ity in all design decisions relating to feedback and 
transistor source and load admittances. 

The potential stability of the transistor should first be 
computed using equation 1. 
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The various alternatives concerning input — output 
matching and neutralization — unilateralization will now 
be discussed for both the unconditionally stable transistor 
and the potentially unstable transistor. 


THE UNCONDITIONALLY STABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined by equation | is less than one, the transistor is 
unconditionally stable. Oscillations will not occur using 
any combination of source and load admittances without 
external feedback. Stability is therefore eliminated as a 
factor in the remainder of the design, and complete 
freedom is possible with regard to matching and neutrali- 
zation to optimize the amplifier for other performance 
requirements. 


AMPLIFIERS WITHOUT FEEDBACK 


The amplifier with no feedback is a logical choice for 
the unconditionally stable transistor in many applications 
since it may offer the advantages of fewer components 
and a simple tuning procedure. 

Source and load |_admittances may be selected for 
maximum gain and/or any number of other requirements. 
Power gain and transducer gain may be computed using 
equations 3 and 5, respectively; input and output admit- 
tances may be computed using equations 8 and 9, 
respectively. | 

The amplifier stability factor may be computed using 
equation 2. While amplifier stability was assured from the 
beginning by the use of an unconditionally stable tran- 
sistor, the designer may still wish to perform this 
computation to provide some insight into danger of 
instability under adverse environmental conditions, source 
and load variations, etc. 


Gmax 

Gmax, the highest transducer gain possible without 
external feedback, forms a special case of the no feedback 
amplifier. | 

The source and load admittances required to achieve 
Gmax may be computed from the following: 


1 ot 
2 2 | 2 
Go= F Re Vp) {| 2 Re (y44) Re (Yop) - Re (v1,¥9,) | * - [¥12%21| | (10) 
Im(¥51¥ 49) 
Bo= - Im(y , 5) pepe te 7 (11) 
2 Rely oo) 


1 


G, = > 
L 2 Re(y,,) 


2 2\2 
IE Re Vv,) Re (Yoo) - Re (¥ 1091) * ly o%a1 | | (12) 


mY 9112) 


BL = - (13) 


L Im(¥ 99) + 


2 Re(y,,) 


Therefore, if the maximum possible power gain with- 
out feedback is desired for an amplifier, equations 10, 11 
12, and 13 are used to compute Ygx and Y]. 


The magnitude of Gmax may be computed from the 
following expressions: 


Gmax = 
2 
[yo3| 


2 
[2 Rety, ,) Retyg9) - Rel ya¥,)] ° - ly 12¥21| | 


3 (14) 


2 Re(y,,) Revo) - meV vay 


Equations 10, 11, 12, and 13 can be obtained by 
differentiating equation 5 with respect to Gs, Bs, GL, and 
BL, and setting the four derivatives equal to zero. The Gg, 
Bs, GL, and By thus computed can then be substituted in 
equation 5 to obtain the expression for Gmax, equation 
14. 


THE LINVILL METHOD 

The amplifier without feedback design problem may 
also be solved graphically using a technique developed by 
J. G. Linvill.t Linvill’s technique is very useful for a 
certain class of problems. Since it is so fully discussed in 
many good references, we will not go into it further here. 
An advantage of the Linvill technique is that it provides a 
reasonably rapid graphic solution relating gain, band- 
width, and stability. A disadvantage is its scope of 
usefulness, since the standard Linvill solution applies only 
to an amplifier with no external feedback and the Ys 


‘conjugately matched to the transistor input admittance, 


YIN. 
THE UNILATERALIZED AMPLIFIER 


Unilateralization consists of employing an external 
feedback network to achieve a composite y 19 of zero. 

While unilateralization is perhaps most often used to 
achieve stability with a potentially unstable transistor, 
other circuit considerations may also warrant the use of 
unilateralization with the unconditionally stable tran- 


_ sistor. For example, the input-output isolation afforded 


by unilateralization may be desirable in a particular 
design. 

Design equations for the unilateralized case are ob- 
tained by first computing the composite y parameters of 
the transistor — feedback network combination and then 
substituting the composite parameters in the general 
equations. . 

Referring to the discussion on composite y parameters 
and setting up the basic condition that y}2¢ must equal 
zero, the other composite y parameters can be computed. 
Assuming that a passive feedback network is being used, 
then 


Yaig ~ Yaar ~ ~Yuae ~ Yaar: 
and since Yiee 0, Yiot * Yiog = Oo 


then Yi 94 = -Yyo¢> 


and Y¥iae = ~Yyar = Yat = Yooe = ~Yart 


+Application Note AN166 Motorola Semiconductor 
Products, Inc. Dept. TIC, 5005 E. McDowell Road, 
Phoenix, Arizona. See also reference 5 in the bibliog- 
raphy. 
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Substituting the above results in equations 4 yields the 
following: 


Yate ~ Yaat * Yaat 
Yoac ~ Yaar * Yiat 
 Yag0 = % ae - Yyat - 0 
Yoic— 


Yoit ~ Yiat 


Substituting these complete y parameters in equations 


8,9, 3, 7, and 5 respectively, yields equations 15, 16,17 | 


18, and 19 respectively for the unilateralized case. 
Unilateralized input admittance - 


Yin *¥1n * 912 At) 


Unilateralized output admittance 


Y 


out ~ Y22* %12 - (16) 


Unilateralized power gain, general expression: 


Ivon Yi * Re (¥) a 
tL * Yan + Yao} ~ Relyy)) 
Unilateralized power gain with Yy conjugately 
matched to YOUT: — 


2 

Fen ¥ 42 

Gy, = ———___— (18) 
4 Re(yy, + Yyq) Relygg + Yy9) 


Unilateralized transducer gain: 
fae, 2 ia? 
4 Re(Y..) Re(Y, ) Py - v9 


TU” 3 
(Yar * Yyq + Ys) Yon + yo + x) 


Note that equations 15, 16, 17, 18 and 19, are given 
entirely in terms of the transistor y parameters, not those 
of the feedback network or the composite. 

Another benefit of unilateralization is input — output 


isolation. As can be seen in equations 15 and 16, YIN is. 


completely independent of YL, and YOUT is similarly 
independent of Y¢g. In a practical sense, this means that in 
a single or multi-stage amplifier using unilateralized stages, 
tuning of any one network will not affect tuning in other 
parts of the circuit. Thus, the troublesome task of having 
to re-peak an entire amplifier following a change in tuning 
at a single point can be eliminated. 


NEUTRALIZATION 


Neutralization consists of employing a feedback net- 
work to reduce yj2 to some value other than zero. 
Neutralization is generally used for the same purposes as 
unilateralization, but provides something less than the 
ideal cancellation of the transistor feedback parameter 
which unilateralization achieves. A typical example of 
neutralization might be a feedback network which pro- 
vides a composite b12 of zero while having only a 
negligible effect on the transistor g72. 


determined by equation 1 is greater than one, 


The equations for a particular neutralized case would 
be developed in the same manner as those for the 
unilateralized case. Since there are an infinite number of 
possibilities, no specific equations will be given here. 

_ This completes the discussion of design with the 
unconditionally stable transistor. The potentially unstable 
transistor will now be considered. : / 


THE POTENTIALLY UNSTABLE TRANSISTOR. . 
When the: Linvill stability factor of the transistor as 

the 

transistor is potentially unstable. Certain combinations of 


source and load admittances will cause oscillations if no 


feedback is used. In designing with the potentially 
unstable transistor, steps must be taken to insure that the 
amplifier will be stable. 
Stability is usually achieved by one or both of two 
methods: 
(1) Using a feedback network which adluces thie 
composite y12 to a value which insures stability. 
(2) Choosing a source and load admittance combina- 
tion which provides stability. 
A discussion of these basic methods is given below. 


USING F EEDBACK TO ACHIEVE STABILITY 


Either unilateralization or neutralization may be ed 
to achieve stability. If unilateralization is used,. the 
transistor-feedback network combination will be uncon- 
ditionally stable. This may be verified by computing the 
Linvill stability factor of the combination. Since. y12¢ = 0, 


the numerator in equation 1 would be zero. 


With stability thus assured, the remainder of the design 
may then be done to satisfy other requirements placed on 
the amplifier. After unilateralization has converted the 
potentially unstable transistor to an unconditionally 
stable combination, all other aspects of the design are 
identical to the unilateralized case with the uncondition- 
ally stable transistor. Power gains and input and output 
admittances may be computed using equations 15 through 
19: 

If neutralization is used to achieve stability, the Linvill 
stability factor can be used to compute the potential 
stability of any transistor — neutralization network 
combination. Since in this case ¥12c # 0, C will have a 
value other than zero. 

After unconditional stability of the transistor-neutrali- 
zation network combination has been achieved, the design 
may then be completed by treating the combination as an 
unconditionally stable transistor, and proceeding with the 
case of the unconditionally stable transistor in an 
amplifier without feedback. Power gains, input and 
output admittances, and the circuit stability factor may 
be computed by using the composite parameters of the 
combination in equations 2,3, 5, 8, and 9. 


STABILITY WITHOUT FEEDBACK 


A stable design with the potentially unstable transistor 
is possible without external feedback by proper choice of 
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souce and load admittances. This can be seen by inspec- 
tion of equation 2; Gg and/or GL can be made large 
enough to yield a stable circuit regardless of the gee of 
potential instability of the transistor. 

This suggests a relatively simple way: to achieve a stable 
design with a potentially unstable transistor. A circuit 
stability factor k is selected, and equation 2 is used to 
arrive at. values of Gg and. Gp which will provide the 
desired k. In achieving a particular circuit stability factor, 
the designer may choose any of the following combina- 
tions of matching or mismatching of Gs and Gy, to the 
transistor input and output conductances, respectively: 

(1) Gg matched and Gy, mismatched 

(2) GL matched and G, mismatched 

(3) Both Gg and Gj, mismatched 

Often a decision on which combination to use will be 
dictated by other performance requirements or practical 
considerations. | 

Once Gg and Gy have been chosen, the remainder of 
the design may be completed using the relationships 
which apply to the amplifier without feedback. Power 
gain and input and output admittances may be eompited 
using equations 3, 5, 8, and 9. 

Although the above procedure may be adequate in 
many cases, a more systematic method of source and load 
admittance determination is desirable for designs which 
demand maximum = power gain per degree of circuit 
stability. Stern has analyzed this problem and developed 
equations for computing the conductance and susceptance 
of both Ys and Yp for maximum power gain for a 
particular circuit stability factor.2,;4 These equations are 
ca here: 


oe eae sie Peal $ Rely saan 
a [afar = val i: Rey ya¥an)| 


G, + &)) Zo 


ee ee ee 
Ss 11 
\ [ |¥12¥24| + Rely 2¥21)| 


(G, + Bao) Zo 


bi 


“Bo9 


(22) 


Be (23) 
X \ . [|7s2%21] ‘ Rely 121) | 
Where a 
: (B, +b ,(G, + Boo) + (By + Doo) K(L +M)/2(G,_ + Boo) 
Bide ee ee ea 
\ k (L + M) 
ve |¥12%21] (23) 
M = Re(¥j9¥9)) (26) 
Defining D as the demoninator in equation 5 yields: 
4 2 
Z K(L + M) + 2M) 2 
oye fala! (27) 


=—— + ———— - az \[h + + Ae 4 NP 
ae 2 a 


k(L + M) 


where, A=——— (28) 


N= Im(y10¥o1), (29) 


and, 


Zo = that real value of Z which results in the smallest 
minimum of D, found by setting, 


= ee [ (L + M) + am | Z - 2N \ kL + M) 


equal to zero. 

Computation of Y, and YL using vequatiads 20 through 
30 is a bit tedious to be done very frequently, and this 
may have discouraged wide usage of the complete Stern 
solution. However, examination of Stern’s work suggests 
some interesting shortcuts: | 

(A) COMPUTATION OF Gs AND Gr, ONLY, USING 
EQUATIONS 20 AND 21. If a value equal to 
-b22 is then chosen for BL, the resulting Yj, will 
be very close to the true Yy, for maximum gain. 
The transistor Y{N can then be computed from 
YL using equation 8, and Bg can be set equal to 
-Im(YIN).- 

Computation of Bs and BL, comprise by far 
the more complex portion of the Stern solution. 
This alternate method therefore permits the 
designer to closely approximate the exact Stern 
solution for Ys and Yp while avoiding that 
portion of the computations which are the most 
complex and time consuming. Further, the cir- 
cuit can be designed with tuning adjustments for 
varying Bs and BL, thereby creating the possi- 
bility of experimentally achieving the true Bs and 
By for maximum gain as accurately as if all the 
Stern equations had been solved. 
MISMATCHING Gg, TO gj; AND Gy TO g22 
BY AN EQUAL RATIO YIELDS A TRUE 
STERN SOLUTION FOR Gs, AND Gt. This can 
be derived from. equations 20 and 21, which lead 
to the following result: 


(30) 


(B) 


: (31) 
811 


If a mismatch ratio, R, is defined as follows, 


(32) 


then R may be computed for any particular 
circuit stability factor using the equation: 


lYoi¥ “+ Rely, V5.) 
(1 + RY = + 21 eA 12 " 


? £11 Ba2 


(33) 


- Equation 33 was derived from equation 2 and 
32. Having thus determined R, Gs and Gy, can be 
- quickly found using equation 32. 

Bs and BL can then be determined in the 
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manner described above in-alternate method (A). 
This alternate method may be advantageous if 
source and load admittances and power gains for 
several different values of k are desired. Once the 
_R for a particular k has been determined, the R 
for any other k may be quickly found from the 
equation 


=— (34) 


where Ry and R2 are values of R corresponding 
to ky and k, respectively. | 
COMPUTER DESIGN. The complete _ Stern 
_ design problem may be programmed into a 
computer. Power gain, circuit stability factor, Ys 
and YL can be obtained from the computer for 
any value of k. MAG, Gy, and the Linvill 
stability factor of the transistor may also be 
included in the program. 
After employing either the complete Stern solution or 


(C) 


an alternate method to obtain Ys and Y,p for the 


potentially unstable transistor in an amplifier without 
feedback, power gains and input and output admittances 
may be obtained using equations 3,5,8,and9. 


SENSITIVITY 


In all but the unilateralized amplifier, YIN is a function 
of load admittance. Thus Y[N changes with output circuit 
tuning, and this can be troublesome. Consequently, it is 
sometimes desirable to compute the extent of variation of 
YIN with changes in YL. A term, sensitivity S, has been 
defined to provide a measure of this characteristic, and i is 
equal to per cent change in YN divided by per cent 
change in YL. The equation for sensitivity is: 


L B11 K 
6 = ° e ; 
Yoo * Yi, Yat Yoo + ¥y + 841 x el® (35) 
S90 Yui 
where, Yor Yi2t 
es 
811 ®22 


@ = arg (-¥jo¥o1) * 
K (cos 6+ j sine ) 


A more complete discussion of sensitivity is Bively in 
reference 6. 


DESIGN WITH SCATTERING PARAMETERS 


Scattering, or Ss parameters have greatly increased in 
popularity since the late 1960's, largely due to the 
appearance of sophisticated new equipment for perform- 
ing S parameter measurements. 

A summary of s parameter design equations is s given 
below. 

Power gain: 


(36) 


2) - 2 Re (TN) 


A - 5,59 


S = 811899 - S184 


aN S895 2 Sag 


Transducer gain: 


: Bleu Ajraee 
ge : 
(1)- Syy hy) CL - Sooty) S22" us 


(37) 


Input reflection coefficient: 
, Pige 21 "L 
81, =58 , (38) 
| eases ae ache Le 
Output reflection coefficient: 
8455 
’ 12 eH ‘s 
s (39) 
i 22 *T-8y,1', 
Linvill stability factor: 


(40) 


AS = “11°22 


$1891 


Equation 40 which gives K, the reciprocal of C, is 
presented in this form because it is the s parameter 
stability expression most often seen in the literature. K in 
equation 40 must not be confused with Stern stability 
factor k given in equation 2. 

Maximum unneutralized transducer gain, uncondition- 
ally stable LAN: 


K aoe 


(41) 


C = Linvill Stability Factor 


Source and load reflection coéfficients for a conjugate 
match of the unconditionally stable LAN in an amentes 
without feedback: 


: By +VB 3 - ‘ht : . 
r .=M* 1 (42) 
Ss pois 
m . alul2-. ; 
B + Vp.” - 4|ni? 
po. = Nel? 2 (43) 
mL oN 2 
| Tg oie 1D 20 
Where B, = 1+ $14 -|S59| as] 
42 2 2 
ee 85] -[s1| -|as| 
= Sy ~(Ag)Sy9*) 
N= Soo - (Ag) (84 4*) 


A more comprehensive treatment of amplifier design 
with s parameters is given in references 8, 11, and 12. 

One cautionary note is in order. 

Several papers have been published on the subject of 
simplifying the Ss parameter design procedure by making 
the assumption that the reverse transfer parameter, $1, is 
equal to zero. This procedure totally ignores the entire 
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problem of amplifier stability. 

Modern high gain solid-state RF devices will readily 
oscillate under a wide variety of circuit conditions. 
Stability problems are encountered even with extremely 
low feedback devices such as Linear IC’s and dual gate 
MOSFETS. Therefore, amplifier design calculations which 
do not include device and circuit feedback are only an 
approximation which will yield either an inaccurate 
solution or possibly even an oscillator when the design is 
tested in the laboratory. Reference 13 provides more 
detail on the shortcomings of this procedure, including an 
amplifier design example which did turn out to be an 
oscillator. 


SUMMARY OF DESIGN PROCEDURE 


A summary of the amplifier design procedure using 
two-port parameters is given below. 

1. Determine the potential instability of the active 
device. | 

2. If the device is not unconditionally stable, decide on 
a course of action to insure circuit stability. 

3. Determine whether or not feedback is to be used. 

4. Determine source and load admittances. _ 

5. Design appropriate networks to provide the desired 
source and load admittances. 


Stability (Steps 1 and 2 above) — 


A stability computation for the worst case conditions 
of open circuit source and load is provided by Linvill’s 
stability factor C. If the C factor indicates unconditional 
stability, no combination of passive terminations can 
cause oscillations. 

Stability calculations ould include the total feedback 
of the amplifier. In the case of extremely low feedback 
devices such as dual gate MOSFET’s and Linear IC’s, 
external circuit feedback often eclipses the internal device 
feedback. In such a case, the designer should measure the 
external circuit feedback and include it in the design 
calculations. To accomplish this, see the earlier section of 
this note on the composite parameters of two-port LAN’s 
in parallel. 

If the device is unconditionally stable, the design may 
proceed to fulfill other objectives without fear of oscilla- 
tions. If the device is potentially unstable, steps must be 
taken to prevent oscillations in the final design. Stability 
is achieved by proper selection of source and load 
admittances, by the use of feedback,-or both. 


Feedback (Step 3) 

Feedback may be employed in the tuned high fre- 
quency amplifier to achieve stability, input-output isola- 
tion, or to alter the gain.and terminal admittances of the 
active device. A decision to employ feedback would be 
based on whether or not its use was the optimum way to 


accomplish one of the foregoing objectives in a particular 
application. 

If feedback is employed, the device parameters may be 
modified to include the feedback network in accordance 
with standard two-port network theory. The remainder of 
the design may then proceed by treating the transistor- 
feedback network combination as a single, new two-port 
linear active network. 


Source and Load Admittances (Step 4) 


Source and load admittance determination is de- 
pendent upon gain and stability considerations, together 
with practical circuit limitations. 

If the device is either unconditionally stable itself or 
has been made stable with feedback, stability need not be 
a major factor in the determination of source and load. If 
the device is potentially unstable and feedback is not 
employed, then a source and load which will guarantee a 
certain degree of circuit stability must be used. Also, it is 
a good idea to check the circuit stability factor during this 
step even when an unconditionally stable device is used. 

Finally, practical limitations in matching networks and 
components may also play an important part of source 
and load admittance determination. 


Network Design (Step 5) 


The final step consists of network synthesis to achieve 
the desired source and load admittances computed in step 
4. | | 

Sometimes, it will be difficult to achieve a desired 
source and load due to tuning range limitations, excess 
network losses, component limitations, etc. In such cases, 
the source and load admittances will be a compromise 
between desired performance and practical limitations. 


SUMMARY 


The small signal amplifier performance of a transistor is 
completely described by two-port admittance parameters. 
Based on these parameters, equations for computing the 
stability, gain, and optimum source and load admittances 
for the -unilateralized, neutralized, and no-feedback 
amplifier cases have been discussed. 

The unconditionally stable transistor will not oscillate 


with any combination of source and load admittances, 


and circuits using a stable transistor may be optimized for 
other performance requirements without fear of oscilla- 
tions. 

The potentially unstable transistor requires that steps 
be taken to guarantee a stable design. Stability is usually 
achieved by unilateralization, neutralization, or selection 
of source and load admittances which result in a stable 
amplifier. | 

Unilateralization and neutralization reduce the com- 
posite reverse transfer. admittance. They may be used to 
achieve stability, input — output isolation, or both. 

Maximum power gain per degree of circuit stability 
without feedback may be achieved using Stern’s equa- 
tions. 
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The degree of input — output isolation is described by 222 = Real part of y22 
the term sensitivity, which makes it possible to compute G = Generalized power gain 
changes in input admittance for any change in load YL = Complex load admittance 
admittance. | 
The theory and design equations in this report are Ys = Complex source admittance 
applicable to any linear active device which may be Gt == Transducer gain 
caeetetle as a two-port network. Therefore, the term MAG =: Maxum availablewain 
transistor” used herein refers generally to all such | 
devices, including FETs and integrated circuits. . = Conjugate 
ec TEE TT TE aE - 
BIBLIOGRAPHY : YIN = Input nae 
1: “Transistors and Active Circuits,” by Linvill and YOUN =). Ourpal acnuitange 
Gibbons, McGraw-Hill, 1961. Gmax = Maximum gain without feedback 
2. “Stability and Power Gain of Tuned Tianeseot Gy = _Unilateralized gain 
Amplifiers,” by Arthur P. Stern, Proc. IRE, March, : _ 
1957. GTU = Unilateralized transducer gain 
3. “Using Linvill Techniques for R. F. Amplifiers,” 6b = Sensitivity 
Motorola Semiconductor Products, inc. a peenen s'11 = Input reflection coefficient | 
Noe ie: s’ = Output reflection coefficient 
4. “High-Gain, High-Frequency Amplifiers,” by Peter M. 2 P 
Norris, Electro-Technology, January, 1966. Ty, = Load reflection coefficient 
5. “Linvill Technique Speeds High Frequency Amplifier I'g = Source reflection coefficient 
Design,” by John Lauchner and Marvin Silverstein, ah 2 . oe 
Blécttonic Desierts.Aptil,.12. 1966. K = Scattering parameter stability factor 
6. “The Design of Alignable Transistor Amplifiers,” by 
J. F. Gibbons, Stanford University Technical Report 
APPENDIX I 


No. 106, May 7, 1956. 


. “Field Effect Transistor R. F. Amplifier Design 


Techniques,” Motorola Semiconductor Products Inc., 
Application Note 423. 


. “Circuit Design and Characterization of Transistors 


by Means of Three-Part Scattering Parameters” by 


A. Conversions among parameter types for y, z, h, and g 
parameters. 


George E. Bodway, the Microwave Journal, May, htoy 
1968. , : i ae 
6“ : : : ; 279 12 21 
9. “Small-Signal RF Design with Dual-Gate MOSFET’s 1g ee Vis = iS == io= == 
Motorola Semiconductor Products, Inc. Application 11 ny Be 11 
Note 478A. eee 
10. “A High Gain Integrated Circuit RF-IF Amplifier weheren <Bi eS ye 1D 
with Wide Range AGC”, Motorola Semiconductor 
Products, Inc. Application Note 513. aan 
11. “S Parameter Design’’, Hewlett-Packard Company, y 4 : 
Palo Alto, California, Application Note 154. | Sate gue et. eee Ss eae Oy 
12. “S Parameters”, Hewlett-Packard Company, Palo sae or 12 V4 oT ee 22 V4 
Alto, California, Application Note 95. | 
13. “Staying Stable with S Parameters”, by Roy pee: where Ay = yy, Yoo ~ Yip Yay 
Motorola Monitor, Vol. 7, No. 2. 
GLOSSARY htoz 
h -h 
C = Linvill’s stability factor oe ewe eh ee ee 
ri” 12 m2 ADD 
k = Stern’s stability factor 22 22 22 22 
G, = Real part of the source admittance 
Gi = Real part of the load admittance toh 
z to 
Bs = Imaginary part of the source admittance ; ig 
Az 12 21 1 
BL = Imaginary part of the load admittance hy = ae hy = a, i ho, = oy hog = si 
= Real part of yj] me : =a oe Be 
where 42 = 211 292 ~ 712 721 
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h tog and h parameters. | 
2 5 Common emitter y parameters in terms of common 
hoo Mie hoy My 
Gi,=— £€. = Ba 2 sae ee Bp ee base and common collector y parameters. 
hie 12 21 22 
ah Ah Ah Ah 
Sate ~ Yiip * Yiap * Yai * Yaa ~ Vite 
where Ah = h,,h - high 
11°22 ~ "12 "21 7 E 
Yize = ~Vy29» + Yoon) = -Wite + Via¢) 
Yote = “Vor * Yoon) = “Write * Yate) 
gtoh 2le 21b | 22b 11c c 
y = y = y + y +y + y 
2 22e 22b 11 12c 21c 22¢c 
B29 “819 B91 S11 ‘ 
h = — h =-- h oe : h = az . ; 
11 Ag 12 bg al Bg ae Ke Common base y parameters in terms of common emitter 
and common collector y parameters. 
where 4g = 61) 822 - 812821 
Yitb ~ Yate * Yize * Yate * Yave = Yaoe 
ztoy 
Z =—Z —-Z Zz eo a 
a2 <2? Se 02 ae ‘ <a ee an Yap = ~Vy2e + Vane) = -Ware * Yaoe) 
: aaa ae ee 22° | a 
Yar = “Yate * Yaae) = -Yi2e * Yaa) 
where Az = 244 299 219 %o4 
Yaa ~ Yoae ~ Vite * Yiae * Yare * Yave 
ytoz 
Yoo ss e $ Common collector y parameters in terms of common 
2 12 21 11 ae 
Cee eT ee eee a Oe sana Be dicleie = emitter and common base y parameters. 
11 12 21 22 
Ay Ay ay Ay 
Mite ~ Yite * Vito * Vian * Yau + Yeon 
where AY =¥11Yo0 - Yy2 Var 
Yiae = “Vite + Yi2e) = “Wir + Yarn) 
z tog 
1 "12 721 Az Yaie = “Vite + Yate) = “Vip + Vien) 
2 eas “ie eal, Tue ae . 7 
11 11 11 11 Yaa ~ Yite * Yize * Yaie * Yaoe = Yitb 
where AZ=2Z1) 299 - 249 291 Common emitter h parameters in terms of common base 
and common collector h parameters. 
gtoz . . 
-g g hitb Mab 
1 12 21 Ag z 3S bs, 
tt ar gi agi ot es i aan "ie (1 + hy.) (1-hyo,) + hoo, h Me 
21b’ °7"'12b 22 "1b 1 +h 
B11 41 S11 B11 21b 
Pip Paap ~ Byap +P2zp) Dip 22D 
where Ag=8,, 89 - 8498 ic a ae a EERE: ae eT ec) 
ae nee 2 Nap) OMe) Page Biies casi tig 
gtoy | “hoy “-hyo) - Bean yap “hoi 
8 —& by. = 8 = et + hy) 
Jae: sho ee ei ME 1 + May) A-Byg,) + Baan Byyy ) * Man se ore 
ut Y19 = Yo * Yaa = 
B90 592 Py) Py) Hien Hiss 
h = OC le OOOO = h 
22e 22c 
where 4g =), G99 - 849 891 (1+ Bory) G-Byoy) + Boa Pip 1 + Pop 
y tog | Common has h parameters in terms of common emitter 
Ay Ya —Voy 1 and common collector h parameters. 
ea 819 27 er ae Boo = —— : | 
11 12 21 22 h h 
Yoo Yoo Yoo Yoo pe rte a 
lib — ‘i 
(1 + Mare) Maze) * Bite "aze = + hy 
where Ay =¥i1Y02 ~ Y42 Ya ue 
; M110 | esol: 
B. Conversions among common emitter, common base, = es 
and common collector parameters of the same type for y, Nic Page - Bare Mac hetc 
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Mie Daze - Mazel + Pare) Pate Paze 
eas More) -hyae) + Bre Boze “1s Hote vas 
: Mare (Ahyae) + Ny1¢ Maze Bute Maze 
; Brie Mae - Bare Mise ~ Mae = hoitc 
“Baye (-hyae) - Mize Page “hore 
hop = 
, 1 hore) (1-hy 96) * Bite Maze 1+ hoe 
o 1 + Moye) - Ayre Page “(1 + hoy) 
2 
Miic Baac - Pate 2c 7 Mote 
' node an nove 
ae (ah, ie ati airings 
hoe ho20 
Nic eae ~ Bate 12¢ mt 


Common collector h parameters in terms of common base 
and common emitter h parameters. 


ii hip 
= aes = A ee = h 
lic lle 
(1 + hoy) (-byo,) + Boon Bray 1+ hoy, 
1+ Nop 
ae @ 1 = Ich 
12¢ 12e 
(1 + Boy) (hyo) + Boon Bray 
Mop - 1 a 
h = = = -(1 +h ) 
Z21c 2le 
(1 + Roa) G-byoy) + Boon yyy = 1 + Boa 
hoop — Deep 
ea aa Sich lath a oe ~ Pape 
21b 12b) * Peep rip 21b 


Expressions for voltage gain, current gain, input im- 
pedance, and output impedance in terms of y, z, h, and g 
parameters. 


Voltage Gain 
ie Boy Sr, “Voy hoy 41, 891 41, 
V — oor O8re—e=—_—__—=S—= ESE SEO ee = 
AZ + 244 74, Yoo + Y., hy, + AhZ, B99 + a 
Soy (14 Fy) 
(1 Sool) (1 +844) 
Current Gain 
A= 7294 _ 7Ya1 Yb, — Pay %y | > B21 
Zoo + a Ay + Yui ‘zy Noo + Yy, Ag + 841 41 
Input Impedance 
AZ + Za Za Yoo + YL Ah + hay Yy, 
Aan, Gg Care ee et eee 
Zoo + Zy Ay + Yu Yy, hoo + YL 
Boo * 4r, 
Ag + S14 Z, 


Output Impedance 
AZ + Zo9 Zs Yu, + Yo hay + Z, 
“our ' Zi, + Zs ' Ay + Yoo Ys ; Ah + Noo a. 
Ag + B99 Y, 
; Bir * Ys 


Conversion between y parameters and s (scattering) para- 
meters: 


ag a) Vag) * Ya Yar 
11° 
(1+y 1) G4¥99) - Yy2 Yor 
mee 
aS. (+44) (l4¥99) - 
11? "922? ~ Vie Yaa 


“2953 
= A ae T 
"al ~ (1+y, 5) (+999) - ¥49 Yay 


gw ean) V9.9) * Yar V2 
22 = 
(+944) Ct¥99) Yao Yor 


ee 92) (l-s iw + S49 894 a1 

(1+s,,) (1+s, 9) - S19 891 Z, 
mune “2819 1 
12 ~ Eh. 
(04844) (+899) 849 894 Gas - Sip S93] 4 

feos “2894 1 
OT Nas Aaa we ee Nee 
(1+s 11) (1+s 99) - S49 S04 Zo 
(1+s,,) (1-859) + 819 S94 i 

%22 ~ (14+5,,) (1+8,,) - Si S Z 
22 11 12 “21 re) 


where Zp= the characteristic impedance of the transmis- 
sion lines used in the scattering parameter 
system, usually 50 ohms. 


Conversion between h parameters and s parameters: 


(hy, 1) (hyo +2) - By hoy 


5), 
(hy +1) (go +4) - By yy 
2h 
12 
"12 ~ ys) (gg +) - a 
141 *1) tho 12 "aa 
: -2 
S91 = a tt 


(hy +4) (yy +d) - hyp hoy 


oe otha) O-Baa) * Ba Ba 
(hy x4) (yg) ~ yo yy 


(1-s,,) (1+899) + S49 S94 


hy, = o 
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2845 


Ng 
(1-8, 1) (1+899) + Sy S54 


“285 


(1-814) (14899) + Sy Soy 


Wee tale ai ete 7 ee 
a (1-s,,) (l+s,5) +8 vA 


hoy 


12 $91 o 


+In converting from y to s parameters, the y parameters 
must first be multiplied by Zo, and then substituted in 
the equations for conversion to s parameters. 
+TIn converting from h to s parameters, the h parameters 
must first be normalized to Zo in the following 
manner and then substituted in the equations for 
conversion to s parameters: 


Parameter To Normalize 
hq] divide by Zo 
hj2 use as is 
h2] use as is 
h2 multiply by Zo 


Conversion between z parameters and s parameters: 


iin (1+8,,) (1 -8,9) + 81,8), 
11 | (1 - S14) (1 - 859) - 845894 


28 
ats 12 ‘ 
12° [(1-8,,) 0-8) -§,,85,| “0 
Z = oat Z 
a1” [1 -8),) @ - S55) - 84551] “0 
ae (1+ Soo) (1 - S41) + S19891 e 
22 | (1 - $44) (1 - S94) - 845854] © 


(241-1) (Zy9 + 1) - Zyo%oy 


ce) 


Pair CMa GC mre a eR 
11 (244 +1) (Zo9 +) - 249794 
22 
12 
7 ——— ron 
ee (2D eee a eee, TTT 
27, 
21 
ee 
21 (24, + 1) (Zoo +) - Z19%01 TTT 
ge Mt Dag 2) A 1nF a +44 
eo ae eA 


249701 


TtfIn converting from z to s parameters, the z parameters 
must first be divided by Zo, and then substituted in 
the equations for conversion to s parameters. 
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MATCHING NETWORK DESIGNS 
WITH COMPUTER SOLUTIONS 


Prepared by: 
Frank Davis 


INTRODUCTION 


-One of the problems facing the circuit design en- 
gineer is the design of high-frequency matching networks. 
Careful design of a network that will accomplish the re- 
quired matching, harmonic attenuation, bandwidth, etc., 
and yield components of practical size can result in many 
hours spent with pencil and slide rule. 


The design of matching networks for high frequen- 
_ ey circuits involves an infinite number of possibilities, 
and acomplete tabulation of possible network solutions 
would be virtually impossible. However, it is often nec- 
essary to design matching networks with a 50 + j 0 ohm 
impedance at one port. This, combined with a restricted 
range of impedance values to be matched,imposed by net- 
work and device limitations, makes practical a tabulation 
of some of the more commonly used networks. These 
design solutions are given in this report. 


The network solutions included in this report have 
the limitation that one terminating impedance must be 
50+j 0 ohms. These networks are often used for match- 
ing in transistor RF power amplifier circuits that have a 
50-ohm source or load. When the network does not have 
a 50-ohm termination at either port, the mathematical 
procedure given for each network in Appendix I can be 
used for the solution. 


COMPONENT CONSIDERATIONS 


Four networks are presented in this report with 
solutions in the form of computer tabulations. Each net- 
work has its own limitations. Although the network con- 
figuration is normally up to the discretion of the design 
engineer, it is sometimes necessary to use one configu- 
ration in preference to another in order to obtain com- 
ponent values that are more realistic from a practical 
standpoint. 


Component selection in the UHF and VHF fre- 
quency ranges becomes a major problem, and the net- 
work configuration to obtain realistic component values 
is of vital importance to the design engineer. Design 
calculations for matching networks can become com- 
pletely meaningless unless the components for the net- 
work are measured at the operating frequency. 


For example, a 100 pF silver mica capacitor that 
meets all specifications at 1 MHz can have as much ca- 
pacitance as 300 pF at 100 MHz. At some frequency, the 
capacitor's series lead inductance will finally tune out 
the capacitance, thus leaving the capacitor net inductive. 


Values of inductance in the low nanohenry range 
are also difficult to obtain, since the inductance of a one- 
inch straight piece of #20 solid tinned wire is approxi- 
mately 20 nH. 


Component ‘tolerances have no meaning at. VHF 
frequencies and above unless they are specified at the 
operating frequency. It cannot be over-emphasized that 
components must be measured at the operating a ht 


NETWORK SOLUTIONS 


The resistor and capacitor shown in the box la- 
beled "device to be matched''represent the complex input 


or output impedance of a transistor. These complex im- 
pedances have been represented in series form in some 
cases and parallel form in others, depending on which 
form is most convenient for network calculation. The. 
resultant impedance of the network, when terminated with 
50 + j0ohms, must be equal to the conjugate of the im- 
pedance in the box. The computer tabulations provide 
this solution. 


Network A (see Figure 1) is applicable only when 
the "device to be matched" has a series real part of less 
than 50 ohms. As we can see from the computer tabula- 
tion, as the series real part approaches 50 ohms, the 
reactance of Cy approaches infinity. However, in RF 
power amplifiers, we normally find that the series real 
part of both the input and the output is less than 50ohms, 
making this matching network applicable to most RF 
power amplifier stages. Where the terminating imped- 
ance is other than 50 ohms, the mathematical procedure 
for the network solution is given in Appendix I. 


Network B (see Figure 2) is the Pi network widely 
used in vacuum tube transmitters. As is apparent from 
the computer tabulation, this network is often impracti- 
cal for use where R, is small. For values of R, less 


_ than 50ohms, the inductance of L becomesimpractically 


small while the capacitance of both C, and Cy become 
very large. Where the Pi network configuration must be 
used to match low values of impedance, a double Pi net- 
work, in which the Q of the first section is very low, can 
be utilized to yield practical components. 


Network C has been solved intwo forms (see Fig- 
ure 3). Both of these networks have the limitation that 
Ry must be less than 50 ohms. However, it must be 
stressed that this network configuration quite often yields 
the most practical components where low values of Rj 
must be matched. 

Network D (see Figure 4) is a "Tee" network. 
This network is useful for matching impedance less than 
or greater than 50 ohms. It has been observed in labo- 
ratory tests that this network configuration also yields 
very high collector efficiencies when used for output 
patent in transistor RF power amplifier stages. 


DEVICE TO BE 
MATCHED 


FIGURE 1 — NETWORK A 


DEVICE TO BE 
MATCHED 


FIGURE 2 — NETWORK B 
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DEVICE TO 
BE MATCHED 


DEVICE.TO . 
BE MATCHED 


FIGURE 4 — NETWORK D 
SUMMARY 


Four computer-solved networks have been pre- 
sented. The mathematical procedure for the solution of 
each network has been given in Appendix I1.* Although 
the networks have found major use in matching solid-state 
RF power amplifier stages, they are also applicable to 
any circuit where the individual network's limitations 
are fulfilled. 


DEVICE oa 
BE ecues *For the derivation of the equations used, refer to Elec- 
tronic Circuit Analysis, Volume 1, ''Passive Networks," 
NETWORK C, | ee CUE EET) a ety 2). 
Philip Cutler. 
FIGURE 3 
APPENDIX | 
To convert a parallel resistance and reactance combina- To solve network C;: 
tion to series: 
1. Selecta Q 
R 
A. See 
s 2 xX =X 
1+ (Rp/Xp) L1 “Cout 
: Xo, = QR, 
Rp : 
X.- Rox 


5 P | ar Ry 
C2 L Ry _ Ry 
Toconvert a series resistance and reactance combination 


to parallel: 
».4 >.< + (3) 
_ 2 L2° “cl x 
Rp = R, [1+ (X,/R,)"] “A Ace 
p eee "P 
P xX//R 
s Ss To solve network Co: 
To solve network A: 1. Select aQ 
“1. SelectaQ 2. Ly is not used in this network 
X11 = QRy + Xo out | Xo, = QR, 
Xoq = AR, | R 
5 xX =R ———a— 
x. - (B/A(B/Q) ___B C2 BYR, RF, 
C1 (B/A)-(B/Q) Q-A : 
R, (1+ Q2) RR, : 
where A ra nl oe X12 = Xoy *\X * Xo out 
Ry . C2 
oe R, (1+ @2) - To solve network D: 
1. Select-a Q 
To solve network B: ( 
X., = (R,Q) +X 
1. Selecta Q a : SNe 
“ 8 = RB 
Xo. = Ry/Q — L2° “L* 
_ _(A/Q)(A/B) _ __A 
; R,7R,, : Xo1 = (A7Q) + 7B) > Q2 B 
4007 3 | 
VQ" + 1)-(R,/R,) 2 
where A = R, (1 + Q") 
a QR, + (RR, /Xo9) ) x 
: Q? 41 : ae (z-)- : 
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DEVICE TO BE 
MATCHED 


xX, } 


(See Step 5) 


PATO Th Dh PO 
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4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


NETWORK A 


6. 


1. 


2. 
3s 
4, ForaQ, find the R_ to be matched in the R column 


3. 


TO DESIGN A NETWORK USING THE TABLES 


Transform the parallel impedance of the device to. . 
be matched to series form (R, + IX out)” 


Define Q, in column one, as X 4/1 
Choose a Q. 


and read the reactive value of the components. 


X7,{ is equal to the quantity X1,1 obtained from the . 
tables plus IXcout | : 


This completes the network. 
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NETWORK B 


The following isa computer solution for the Pi network when R,, equals 50 ohms. 


TO DESIGN A NETWORK USING THE TABLES _ 


1. Define Q, in column one, as R,/% 


Xo1 | Xoo TL ee a fe er. } 
(See Step 2) | 50.2 2. C, actual is equal to C, ~ parallel C out Of device to 
. be matched, . cae 
DEVICE TO BE = = = 3. This completes the network. 


MATCHED 


AAKAAAARKGAMANIOOH 


WWWWUWWWWWWUWNWWWWNWWWWUWWUWUWWWWW | 
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NETWORK C, 


The following is a computer solution for an RF maptenine 
network. This computer solution is applicable for two 
forms of matching networks. 


“TO DESIGN A NETWORK USING THE TABLES 


L1 > *c¢ out’ 


Define Q, in column one, as Xo1/Ry : 


All network values can now be read from the charts . 
in terms of reactance. 


DEVICE TO | | . "4 - = 
BE MATCHED | 3 . This completes network Ci. 


NETWORK C, | 
| “TO DESIGN A NETWORK USING THE TABLES 


eS Ly is not used in this network. 


2a Transform. the impedance of the device to be matched ¥ 

io (See Step q _ to series form (Ry + Xo out)’ a | . 
on .. Define Q, in ea one, as Xo /Ry: 

: ~~ T = . For a desired Q, find the R, to be matched in the 


R, column and read the reactive: value of the com-- 
ponents. 


DEVICE TO | ; | . Xp 9! is equal to the quantity XL2 obtained Het the 
BE MATCHED tables plus | Xc,, 41 - -_ 


. This completes network Cy : 
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NETWORK D 


The following is a computer solution for an RF "Tee" Cy. Variable matching may aiso be accomplished by in- 
matching network. | creasing X,. and adding an equal amount of Xo in series 
Tuning is accomplished by using a variable capacitor for in the form of a variable capacitor. 


TO DESIGN A NETWORK USING THE TABLES 
Define Q, in column one, as X, ,/Ry- 


For an R, to be matched and a desired Q, read the 

reactances of the network components from the 

charts. 

Xyz1' is equal to the quantity X11 obtained from the 
DEVICE TO tables plus | Xcoy¢| - 
BE MATCHED 


This completes the network. 
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INTRODUCTION 


Two of the most popular RF small signal design tech- 
niques are: 
1) the use of two port parameters, and 
2) the use of some type of equivalent circuit for the 
transistor. 
Early attempts to adapt these echnidiies to power ampli- 
fier design led to poor results and frustration. 

In the mid-1960’s, Motorola pioneered the concept of 
solid state power amplifier design through the use of large 
signal transistor input and output impedances. This sys- 
tem has since achieved almost universal acceptance by solid 
state communications equipment manufacturers. It pro- 
vides a systematic design procedure to replace what used 
to be a trial and error process. This note is a description 
of the concept and its use in transmitter design. 


LIMITATIONS OF SMALL-SIGNAL PARAMETERS 


As a vivid example to show the short-comings of trying 
to adapt small-signal parameters to power amplifier design, 
the 2N3948 transistor was considered. A performance 
comparison was made of the 2N3948 operating at 300 
MHz as a Class A small-signal amplifier, and as a Class C* 
power amplifier delivering a power output of 1 W. Table I 
shows the results of this comparison. 


CLASS A CLASS C 


Smail-signal amplifier Power amplifier 
Vee = 15 Vde; 1, = 80 mA; Vee range 
_ 300 MHz Po =1W 


9 Ohms 


nput resistance 
Input capacitance 


or inductance 
Transistor output 

resistance | 
Output capacitance 
GPE 


0.012 uH 


199 Ohms 
4.6 pF 
' 12.4 dB 


Table | — Small- and large-signal performance data for the 2N3948 

show the inadequacy of using small-signal characterization data for 

large-signal amplifier design. Resistances and reactances shown are 

paralie! components. That is, the large-signa! input impedance is 
38 ohms in paraliel with 21 pF, etc. 


The most striking difference in this comparison is in 
the device input impedance. As operation is changed from 
small-signal to large-signal conditions, the complex. input 
impedance of the 2N3948 undergoes a considerable change 
_ in magnitude and actually enanees om inductive to cape: 
citive reactance. 


*Class C, as used here, refers to operation with both the emitter 
and base at dc ground potential and with the collector supply as 
the only dc voltage applied, regardless of resulting device conduction 
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SYSTEMIZING RF POWER AMPLIFIER DESIGN 


Note also that the transistor’s output resistances and 
power gains are considerably different for the two modes 
of operation. This example clearly demonstrates the in- 
accuracies that would result in a power-amplifier design 
based on the small-signal parameters of this device. 


IMPORTANCE OF LARGE-SIGNAL PARAMETERS 


The network theory for power amplifier design is well 
known but is useless unless the designer has valid input 
and output impedance data for the transistor. The design 
method described in this report hinges primarily on the 
direct measurement of these parameters for use in network 
synthesis equations. Large-signal impedance data, together 
with power output and gain data, provide the designer 
with the information necessary to design his amplifier net- 
works and to predict the performance that should bea- 
chieved when the design is completed. 

Aclear understanding of the test conditions and method 
of presentation for the large signal impedance data is im- 
portant. 

TEST CONDITIONS 

The term “large-signal input impedance” and “large- 
signal output impedance” refer to the actual transistor 
terminal impedances when operating in a matched ampli- 
fier at the desired RF power output level and dc supply 
voltage. 

“Matched” is defined as the condition where the input 
and output networks of the test amplifier provide a con- 
jugate match to the transistor, such that the input and 
output impedances of the amplifier are 50 + j O ohms. 

Large-signal impedances should not be confused with 
small-signal, two port parameters which are normally meas- 
ured at low signal levels with Class A bias and the transistor 
(or IC) connected directly to a ia open, or 50 ohm 
termination. 

Most of the data which appears on Motorola RF power 
transistor data sheets is measured in common emitter, Class 
C amplifiers; as this condition covers the majority of device 
applications. | 

One significant exception to this involves transistors 
characterized for Class B linear power amplifier service. 
Examples of such transistors are the Motorola 2N5941-2 
series. Since these transistors are designed specifically for 
linear. service, their large-signal impedances were measured 
in a linear power amplifier test circuit with a two tone test 
signal instead of the conventional single frequency signal. 


. For further information on these transistors see the 


angle. Usually, the emitter is connected directly to chassis ground 
and the base is dc grounded through an inductive network element 
or choke. 
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2N5849 


WL EL 
AIEEE 


Rin. INPUT RESISTANCE (Ohms) 


f, FREQUENCY (MHz) 


FIGURE 1 — Parallel Equivalent Input 
Resistance versus Frequency 


Cout, OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) 


FIGURE 3 — Parallel Equivalent Output 
Capacitance versus Frequency. 


Motorola 2N5941-2 data sheet. 


DATA FORMAT 


Much of the information on device data sheets is pre- 
sented in parallel equivalent form of resistance and capa- 
citance. Figures 1-3 form an example of this type of 
presentation. The data may also be presented in series 
equivalent form. It makes no difference which form is 
used as long as the designer pays particular attention to 
the form and uses the data accordingly. As a convenience, 
the series-parallel equivalent conversion equations are given 
in Appendix A. 

For example, reading the complex input impedance, 
from Figures 1 and 2 at 50 MHz with 40 W output and a 
12.5 Vdc collector supply, we obtain a value of 0.8 ohms 
resistance in parallel with a 500 pF capacitance. 

Another form of impedance data presentation uses the 
series equivalent form plotted on a Smith Chart. This 
form is popular with UHF power transistors due to the 
extensive use of the Smith Chart in microstrip network 
synthesis. Figure 4 is an example of large-signal impedances 
plotted on a Smith Chart plot. Note that Figure 4 includes 
complete complex output impedance data, not just the 
output capacitance. This topic is discussed more fully in 
the section on collector load resistance. 


L 
= 
w 
0 
zZ 
4 
i 
oO 
{ 
a 
4 
Oo 
= 
2 
a 
. 
£ 
O 
f, FREQUENCY (MHz) 
FIGURE 2 — Parallel Equivalent Input 
Capacitance versus Frequency 
AMPLIFIER DESIGN 


After selection of a transistor with the required per- 
formance capabilities, the next step in the design of a 
power amplifier is to determine the large-signal input and 
output impedances of the transistor. When using devices 
for which the data is available, this step involves nothing 
more than reading the complex impedance values off of 
the data sheet. If only output capacitance is given on the 
data sheet, the collector load resistance may be calculated 
in the manner described in the Collector Load Resistance 
Section of this note. 


Again, the designer is cautioned to carefully determine 
whether the data sheet impedance curves are in parallel 
or series equivalent form, and to use the data accordingly. 
If the data is not available, a later section of this note 
contains information on large-signal impedance measure- 
ment. . 


FIGURE 4 — Large Signal Input and 
Output Series impedances, 2N6256 


MOTOROLA RF DEVICE DATA 
7-41 


AN282A 


Having determined the large-signal impedances, the de- 
signer selects a suitable network eontiguration and proceeds 
with his network synthesis. 

The primary purpose of this note is to describe the 
large-signal impedance concept. Accordingly, network selec- 
tion and synthesis are beyond the scope.of this discussion. 
For specific transmitter design examples using this concept, 
the reader is referred to the following Motorola Application 
Note: AN-548A. 


COLLECTOR LOAD RESISTANCE 


Large-signal impedance data at HF and VHF have for 
the most part been published by Motorola without collec- 
tor load resistance information. The reason is that the load 
resistance can easily be calculated. The conditions nec- 
essary to obtain this load resistance derivation will now be 
discussed. 

If certain simplifying assumptions are made, the theo- 
retical collector voltage of a power amplifier with a tuned 
output network is a sine wave which swings from zero to 
2 Vcc, where Vcc is the dc collector supply voltage. 

These assumptions include: 

1. VCE(sat) is equal to zero. 

2. The output network has sufficient loaded Q to pro- 
duce a sine wave voltage regardless of transistor con- 
duction angle. 

3. The voltage drop in the dec collector supply feed 
system is zero. | 

4. The collector load impedance at all harmonics of the 
operating frequency is zero. 

Obviously none of the foregoing assumptions is true, 
and the most serious discrepancies probably arise from 
assumptions | and 4. However, conditions are close pnouen 
to give good results. 

Let us assume for a moment that this theoretical con- 
dition does exist. The parallel equivalent collector load 
resistance, Rp’, then becomes a function of desired RF 
output power and Vcc only. The expression for RL 
given in equauon 1 is readily derived. 


, ec)? 
OP 


(1) 


where P = RF output power 


Therefore, the complex collector load impedance for 
an amplifier design would be the conjugate of the parallel 
equivalent output capacitance and collector load resistance 
computed with Equation 1. 

Figure 5 provides a graphic solution to Equation 1 for 
the four popular dc supply sevels of 12.5, 13.6, 24 and 28 
volts. 

Despite the assumptions required, experience with HF 
and VHF lumped-component, power amplifiers with supply 
voltages from 7 to 30 Vdc and power output levels from a 
few tenths of a watt. to 300 watts have proven that the 
use of Equation | to compute Ry,’ for network synthesis 
yields good results. That is to say, the types of HF and 
VHF lumped component collector output networks which 


COLLECTOR LOAD 
RESISTANCE, OHMS 


RF POWER OUTPUT, WATTS 


FIGURE 5 — Collector Load Resistance versus 
Power Output 


have proved best from the standpoint of proper impedance 
matching with low losses and smooth tuning generally have 
a sufficient tuning and matching range to compensate for 
any errors associated with Equation 1. 

Of course if the VCE(sat) of the transistor is sceitaly 
known for the frequency of operation and collector current 
swings anticipated in a particular amplifier, Equation 1 is 
readily modified as follows: 


Ver. 2 
Ry’ =! CC-VCE(sat)) (2) 
2P 

The advent of greatly increased numbers of UHF power 
transistors and their associated amplifier design problems 
brought some revisions to Motorola’s methods.of presenting 
large-signal transistor impedances for UHF devices. Among 
the reasons for this are the popularity of microstrip match- 
ing networks and the higher VCE(sat) values at UHF. 

The major difference in the data format involves output 
impedance, which is presented in full complex form in- 
stead of plotting parallel equivalent output capacitance 
only and using Equation 1 to compute the load resistance. 
Further, the UHF devices are measured in a microstrip test 
amplifier for the purpose of determining the transistor im- 
pedances in an environment which is as close as possible 
to that of the majority of the actual applications of the 
device. And finally, a Smith Chart plot is used as this is 
more convenient to the microstrip network designer, who 
often makes extensive use of the Smith Chart as a design 
tool. | 

Future Motorola data sheets may also include collector 
load resistance data at frequencies below UHF. The infor- 
mation is automatically generated for the test circuit in 
use while measuring Cin, Rin and Cout- 


PARAMETER MEASUREMENT 

Although design engineers will find large-signal impe- 
dance characterization on Motorola data sheets for RF 
power transistors, it may help to know how this data is 
obtained. The transistor is placed in a test circuit designed 
to provide wide tuning capabilities. Design of the first 
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test amplifier for a new transistor type is based on esti- 
mates of input and output impedance. 

Since the input and output impedances are needed to 
design an amplifier which is then used to measure the im- 
pedances of the device, we have a “chicken or the egg” 
type of problem. Wide tuning range networks help com- 
pensate for errors in the impedance estimates and they 
also permit the same characterization amplifier to be used 
at multiple power output levels. 

The amplifier is tuned for a careful impedance match 
at both input and output. Several precautions are in order 
to insure that this is accomplished. 

Tuning for maximum power output is valid only if the 
source and load impedances are an accurate 50 + j 0 
ohms. Usually a good 50 ohm load is available in the 
laboratory. Such a load should be used, as tuning for 
maximum output power for a given input power is the 
best method to use on the amplifier output network. 

The input network poses some additional problems. 
First, many laboratory RF power sources are not accurate 
50 ohm generators. A generator impedance that is not 50 
ohms can introduce errors in measuring gain as well as 
input impedances. In addition, a source with high harmon- 
ic levels can cause difficulties in low Q input networks. 

A good solution to this problem is to use a dual direc- 
tional coupler or directional power meter in the coax line 
between the generator and the test amplifier. The amplifier 
is then tuned for zero reflected power, thus indicating that 
the input network is really matching the transistor input 
impedance to 50 + j 0 ohms. . 

In practice, the reflected power usually will not null all 
the way to zero, so one should insure that the null is at 
least as deep as that obtained with a good 50 ohm passive 
termination. 

In some cases, the amplifier will reflect enough harmonic 
power to prevent a satisfactory reflected power null from 
being obtained. A good solution to this problem is to 
place a fundamental frequency bandpass filter at the re- 
flected power port of the dual directional coupler. 

A typical test amplifier for HF and VHF measurements 
is shown in Figure 6. For UHF device characterization, 
amplifiers employing microstrip matching networks are 
most commonly employed. 

After the test amplifier has been properly tuned, the dc 
power, signal source, circuit load, and test transistor are 
disconnected from the circuit. Then the signal source and 
output load circuit connections are each terminated with 
50 ohms. After performing these substitutions, complex 
impedances are measured at the base and collector circuit 
connections of the test transistor (points A and B respect- 
ively in Figure 7). The desired data, the transistor input 
and output impedances, will be the conjugates of the base 
circuit connection and the collector circuit connection, 
impedances respectively. 

By operating test amplifiers at several different oe 


cies with at least two power outputs, sufficient data can be 


_ obtained to characterize a transistor for the majority of its 
power applications. : 


FIGURE 6 — Typical Test Amplifier Circuit 


Complex impedances are measured at the 
base and collector circuit connections of the 
test transistor (points A and B respectively). 
Desired data will be the conjugates of these 
impedances. , 


FIGURE 7 — Test Circuit with Transistor 
Removed 


SUMMARY 


The large-signal impedance characterization of RF power 
transistors has provided the most systematic and successful 
power amplifier design method the author has encountered 
since the concept was explored in depth in the mid 1960’s. 


APPENDIX A 


PARALLEL-TO- SERIES AND SERIES-TO- PARALLEL 
IMPEDANCE CONVERSION EQUATIONS. 


R,=R. |1 (7: 
= at (eee raciacen 
p= Rs Re 
R,°R 
p s 
x 
P Xs 
— 
: Pp 
Rg = R 2 
1 (2) 
Xp 
R.°R 
<= 
+ Xp 
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_ UHF AMPLIFIER DESIGN 
USING DATA SHEET DESIGN CURVES 


INTRODUCTION 


The design of UHF amplifiers usually involves a parti- | 


cular set of device parameters of which h, y, and s param- 
eters are probably the most familiar. These parameters are 
commonly used to determine device loading (input and out- 
put) admittances for particular gain and stability criteria. 
The design procedure for determining gain and stability 
usually involves a mathematical solution, a graphical ap- 
proach, or a combination of both. 
This report describes a design technique for the unneu- 
tralized case whereby the device loading admittances are 
taken directly from device design curves. An example is 
given of how these design parameters are used to design a 
single stage 1 GHz microstrip amplifier and predicted re- 


sults are compared to actual measured values. Practical 


circuit construction techniques are also discussed for the 
benefit of readers unfamiliar with microstrip techniques. 


STABILITY CONSIDERATIONS 


Two very important methods! for expressing stability 
involve Linvill’s stability factor “C” and Stern’s stability 
factor “‘k’’. The first deals primarily with the device since 
an open termination is assumed on both the input and out- 
put and is formulated: 


|¥12Y12| 


C= eat 
2811 822 ~ Re (yy ¥2)) 


If “C”’ is greater than 1, the transistor is potentially un- 
stable. However, if C is less than 1, the transistor is un- 
conditionally stable. The C factor versus frequency for 
the common base and common emitter configurations 
(2N4957) are shown in Figures 10 and 17 respectively. 

The second method is primarily circuit oriented and is 
used to compute the relative stability of an actual ampli- 
fier circuit for the particular source and load terminations 
used. If “k” is greater than 1, the circuit is stable. If “k’’ 
is less than 1 the circuit is potentially unstable 

Stern has developed equations for calculating the input 
and output loading admittances for maximum power gain 
with a particular stability factor, k. These values of input 
and output admittances in conjunction with the device 
parameters can then be used to calculate the transducer 
gain. 

i 2 (gi + Gs) (g55 + GL) 


~ |¥y2¥21] * Re (yy 29) 
‘ .| Klyi2¥2i1 tRe(yi2yo1)) fei 
Sa ao ee Oe re Ce 


2 822 

_ [| kUlyi2vail + Re(vi2yon) | 822 
GL = ————.. , — 829 

2 | 811 
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(Gs + $1 ) Zo 


Bs = —b]] 
Vidiyi2y2i| * Re yi2¥ai) 


- (GL + 822) Zo : 
Vly 2¥aal * Relyyo¥21)] 
Where, 
_ (Bs + by) (GL+879) +(BL +b) k(L+M)/2(GL+g9) 
Vk(L+M) | 
L= |¥12¥21| 


M= Re(y;2y9) 
Defining D as the denominator in GT expression yields: 


4 [k(L+M) + 2M] Z2 
p=4+ co ee ~2NZVk(L+M)+A2+N2 
= K(L + M) 


here, A 
where 5 


M, 


N = Im(y)5y2}) ’ 
and, 


Zo = that real value of Z which results in the smallest mini- 
mum of D, found by setting, 


723+ [k(L + M) + 2M] Z-2N /K(L+M). 


equal to zero. 


4 Re (Ys) Re (YL) ly>,1 2 


a y+ Ys) (¥59+ YL) -¥,9¥2412 

k = Stern’s stability factor 

en = Real part of the source admittance 
GL = Real part of the load admittance 

Bs = Imaginary part of the source admittance 
BL = Imaginary part of the load admittance 
211 = Real part of y;, 

g22 = Real part of Y>9 

YL = Complex load admittance 

Ys = Complex source admittance 

GT = Transducer gain 

YIN = Input admittance 


YOUT = Output admittance 


Gmax = Maximum gain without feedbak 
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Computer solutions of these equations for various values 
of k versus frequency have been plotted in Appendix I for 
the 2N4957. These curves include common-base (Figures 
10 through 16) and common-emitter (Figures 17 through 
22). 

From these curves, the designer can determine the input 
and output loading admittances for maximum power gain 
at a particular circuit stability. In addition, the transducer 
power gain under these conditions can also be determined. 
Thus the designer, rather than reading s or y parameters 


from a curve and using this information to design an ampli- 


fier, has all the design equations solved and presented in 
convenient, computer-derived design curves. 

The following example demonstrates how these curves 
can be utilized in the design of a 1 GHz amplifier using the 
2N4957. In addition, a second example is shown to de- 
monstrate the special case where input admittance is de- 
termined primarily by noise figure considerations rather 
than by maximum power gain.. 


1 GHz AMPLIFIER DESIGN 


A preliminary investigation of stability and power gain, 
common-emitter and common-base, can be quickly made 
from the design curves. For instance, the unilateralized 
gain (Figure 8) at 1 GHz is approximately 15 dB for either 
the commoh-emitter or common-base configuration. Also, 
the C factor for the common-base configuration (Figure 10) 
is greater than one and indicates potential device instability. 
However, the C factor for the common-emitter configura- 
tion (Figure 17) is less than one and indicates uncondi- 
tional device stability. _ 

Figures 16 and 22 are key curves that show transducer 
power gain for the common base and common emitter 
configuration respectively. Assuming a circuit stability 
factor of 4*, power gain is approximately 15 dB, common- 
base. Although the common-emitter curve is not extended 
to 1 GHz(since this is a region of unconditional stability) 
power gain for k = 4 would be obviously much less than 
15 dB. 

Using the common base cotifiguiation with k = 4, the 
required input and output admittance for maximum power 
gain can be determined directly from Figures 11 through 
16. 

For instance, the real part of the ailiput admittance can 
be read from either Figure 11 or 12. Figure 12 is an ex- 
panded version of Figure 11 and is intended to facilitate 
lower frequency use. The imaginary portion of the output 
admittance is shown in Figure 13. Figures 14 and 15 show 
the real and imaginary portions of the input admittance 
respectively. The resultant input and output admittances 
are shown in Figure 1 and are summarized: 


_ Conditions: (2N4957) 


VcE =10V 
Ic =2mA 
f = 1 GHz 
GT = 15 dB 
k = 4 


Input admittance = 69.5 mmhos +j27.1 mmhos 
Output admittance = 1.53 mmhos -j7.46 mmhos 


It becomes apparent that the emitter must “‘see’’ an ad- 
mittance of 69.5 mmhos shunted by a susceptance of +j27.1 
mmhos. The latter, in terms of a lumped constant element, 
would be a lossless capacitor. Likewise, the collector 
would be required to see.an admittance of 1.53 mmhos 
shunted by -{7.46 mmhos. The latter, in terms of a 
lumped-constant element, would be a lossless coil. This 
loading will result in a stability factor, k, of 4 and a power 
gain of 15 dB, the maximum power gain possible for k = 4. 
This loading does not include stray capacitance. If stray 
capacitance is assumed to be 1 pF, the actual load is 1.53 
mmbhos -j13.5 mmhos (see Figure 1). 


INPUT 
NETWORK | 


502 ¢ (69.5 +j21.3) mmhos 


2N4957 
UNDER 
TEST 


|(1.53 -j13.5) mmhos 


. OUTPUT 
NETWORK 


502 


Ic =2mA 


FIGURE 1 —-COMMON BASE INPUT AND OUTPUT — 
ADMITTANCES INCLUDING STRAY CAPACITANCE 


To facilitate instrumentation, both the source and load 
impedance will be 50 ohms. This admittance level must be 
transformed to the required device loading admittance. 
Micro strip techniques provide a convenient method of 
achieving this transformation without circuit reprodu- 
cibility and component loss problems that are common 
with many lumped constant circuits at this frequency. 

The Smith Chart is a convenient design tool for solving 
transmission line problems of this type. Since space does 
not permit, familiarity with this chart will be assumed. 


*For the purpose of this report a stability factor of 4 is 
chosen. Values of k less than 4 may not prove to be ad- 
vantageous from the standpoint of regeneration and 
parameter spread. 
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FIGURE 2 — OUTPUT NETWORK DESIGN 


Starting with the output circuit, both the 50 ohm (20 
mmhos) load and the desired collector admittance are 
plotted on the Smith Chart (see Figure 2). As a starting 
point, a characteristic admittance of 20 mmhos will be 
assumed. First, the 20 mmho load is plotted (point A, 
Figure 2), then point B is plotted (1.53 mmhos -j13.5 
mmhos). | 

Although many different methods exist for transform- 
ing point A to point B (see Figure 2), a direct, and as 
it turns out, practical approach is that shown in Figure 3. 
This circuit uses Cy in parallel with RL to vary the SWR of 
point A (Figure 2) to point C. Since point C has the same 
SWR as point B, a line Ly with an electrical length equal 
to 0.405A2 (point E) minus 0.214 (point D) will com- 
plete the transformation. Collector tuning is available 
with component C2. This variable capacitor provides the 
difference between the assumed stray capacitance and the 
actual circuit stray capacitance. | | 

The required SWR could have been realized by using an 
inductor in place of Cj. However, an inductor would have 
either forced the bias feed-point to be changed to the 
collector lead or necessitated a dc- isolated coil. Although 
this is readily attainable using transmission line techniques, 
the variable component Cj is more convenient. A typical 
curve of Q versus capacitance for (C1) is shown in Figure 
4. _ OS 3 

The output bias is fed through a 4000 ohm resistor 
rather than an RF choke. The resultant 8 volt drop across 
this resistor is easier to contend with than the circuit in- 
stabilities sometimes associated with RF chokes. 
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The same procedure is followed in designing the input 
network (see Figure 5). Again, a stray capacitance of 1 pF 
is assumed. Thus, the actual input loading becomes 69.5 
mmbhos +j21.3 mmhos. First, the 20 mmho load is plotted 
(see Point T, Figure 6). Next, point W is plotted (69.5 
mmhos +j21.3 mmhos). Adjusting the SWR with C3 
(point V) allows a transmission line of length L2 to trans- 
form the admittance at point V to the desired level at the 
base (point W). | 


GR-874-KL 
COUPLING 
- CAPACITOR | 


<Hh> R= 500 | 


| Connections made 


Leads cut, connections | J 
i to uncut leads 


to body of Capacitor 


100 


aes RES eee 
er ae 
Bane 
60 er ae GS 
a a ee | 
i] 40-114 
5 20 } 
Oo 10 |_| __# 
gs -— I 
0 es en ee 
Ww 6 a ae i 
ee ae 
4 | 
BS 3 | of 7a—-- Connections made to uncut leads: 
a : j 
2 EE 


<a 
CIE 
Hoo LE 


30 50 


0.5 


C, CAPACITANCE (pF) 


FIGURE 4 — QO versus CAPACITANCE FOR C, @ 1 GHz 


GR-874-KL 


| RS = son<€ [> a, ee 


VEE =. 


FIGURE 5 — INPUT NETWORK 
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CIRCUIT CONSTRUCTION 


The transmission line lengths Lj and L? are readily 
transferred to micro-strip lengths once the wavelength and 
line-width are known. Hopefully, this information is avail- 
able from the manufacturer, but if not, it must be meas- 
ured before the design can be completed. The laminate 
used for this application required a line-width of approx- 
imately 0.16 inches for a 20 mmho characteristic admit- 
tance. This value proved adequate both from a realizable 
design solution on the Smith Chart and also froma practic- 
able circuit construction standpoint. 

The actual laminate thickness depends to a large extent 
on the desired characteristic impedance and the frequency 
of operation The line thickness for a 50 ohm line is ap- 
proximately 0.16 inch for a'1/16 inch laminate and ap- 
proximately 0.035 inch for the same laminate 1/64 inch 
thick. As the intended frequency of operation is increased, 
the line width becomes a larger percentage of the line 
length.4 Higher ratios. of line width to length may result 
in undesirable modes of operation. Dec:easing the lami- 
nate thickness results in a smaller line width for the same 
characteristic (assuming TEM operation) and a smaller 
line width to length ratio. . | 

The dielectric constant for the material used was 2.6. 
The actual wavelength in the laminate is: 


A(air) 11.8 inches 
A (actual) = = 


(ee te 


Since L] = 0.191), 


= 7.34 inches 


The physical length of L] is 1.4 inches 
Correspondingly, L2 is 0.062A or 0.455 inches. 


_It should be pointed out that the actual wavelength? 
for this laminate is somewhat larger than that calculated 
from the dielectric constant. A careful measurement? of 
wavelength versus characteristic impedance (line width) 
demonstrates this phenomena. The slight increase in wave- 
Jength (6%) from that calculated using the dielectric con- 
stant was judged insignificant. However, this error in- 
creases for larger values of characteristic impedance and 
may prove to be quite significant for other laminates or 
narrower line widths. A good precaution would be to 
measure wavelength versus line width on each laminate 
used before TEM propagation is assumed. 

Although the lines can be produced by a masking-etch 
process, adequate results can be obtained by cutting the 
desired strip from a thin copper sheet and glueing this 
strip to the teflon glass board. The latter is a convenient 
method for making rapid design changes. 

The author observes several precautions which may or 
may not be necessary for all applications: . 

1. All breadboards have a ground strap which encom- 

passes the outer periphery of the board. This strip 
is soldered to both the top and bottom copper sheets 


to effectively ground the outer periphery of the am- | 
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_ FIGURE 6 — INPUT NETWORK DESIGN 


plifier on all four sides. The circuit dimensions are 
_ held toa minimum to keep the ground planes as short 
as possible. 


2. All RF connectors are. carefully connected with 
grounding surfaces soldered to the ground plate. 
For instance, mount the connectors* perpendicularly 
to the board at a point where the connection to the 
center conductor is a minimum length. Completely 
solder the outer conductor to the copper sheet on 
the opposite side. of the board. Poorly mounted 
connectors may result in poor transitions and un- 
predictable impedance transformations. For ex- 
ample, tacking the outer barrel of this connector to 
the line side of the board may seriously alter the pre- 
dicted impedance level at the collector. 


The amplifier was constructed as specified and the ad- 
mittance levels were measured at the emitter and collector 
pins. These admittance levels were checked and adjusted 
to the origina! design values with C1, C2, C3, and C4 

The 2N4957 was then soldered directly into the circuit 
with minimum lead length. The resultant power gain was 
14.3 dB and the noise figure, 6.5 dB, which is within 1 dB 
of the original design requirements. Attempts to re-adjust 
the input loading and output loading for lower noise figure 
resulted in lower noise figure with decreased circuit stabil- 
ity. Although the circuit (adjusted for minimum noise fig- 
ure) didn’t oscillate, the calculated k factor from the re- 
sultant input and output admittances was approximately 
2; 


*General Radio Cable Connector 874-G58B. . 
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LOW NOISE DESIGN 


Improvement in noise figure is possible by arbitrarily 
adjusting the input and output loading. For the purpose 
of this paper, the stability factor (k = 4) will be retained. 

However, the design curves represent the maximum 
power gain case. Although the circuit stability factor can 
be maintained at k = 4, varying the source loading will re- 

~ sult in less power gain than indicated in the design curves. 


The procedure for this case is as follows: 

First, the optimum source resistance is calculated (see 
Appendix ) and found to be 432% The calculated noise 
figure for this source is 5 dB. In addition, the source re- 
actance was empirically determined to be inductive (j 11992). 

Second, the collector loading was calculated for a stabil- 
ity factor of 4. Using these values of source resistance and 
stability factor, the calculated gain (Gr) and collector 
loading is 11.8 dB and 3.41 mmhos —7.5 mmhos (neglect- 
ing stray capacitance). 
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FIGURE 7 — LOW NOISE INPUT DESIGN 
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FIGURE 10 — LINVILL STABILITY FACTOR 
versus FREQUENCY 


The output network was readily adjusted to the de- 
sired collector loading. However, the input line was too 
short and required re-design (see Figure 7). The calculated 
value of this line length is 1.15 inches as contrasted with 
.46 inches used in the first example. The complete ampli- 
fier is shown in Figure 9. 

The resultant power gain and noise figure was 11.8 dB 
and 5.5 dB. These figures compat’ well with the calculated 
design. 


PAS 
a 


Gy, UNILATERALIZED POWER GAIN (dB) 
=) 


0 
10 20. 30. 50 70 100 200 300 500 700 1000 1500 
t, FREQUENCY (MHz) ° 


FIGURE 8 — UNILATERALIZED POWER GAIN 
versus FREQUENCY 


FIGURE 9 — 1 GHz AMPLIFIER 
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FIGURE 71 AND 12 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 


*The actual value of optimum source resistance was empirically determined to be 352. Consequently this value was used for the input circuit 


design rather than 43, 
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FIGURE 13 — LOAD ADMITTANCE FIGURE 14 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) versus FREQUENCY (REAL) 
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FIGURE 15 — SOURCE ADMITTANCE FIGURE 16 — TRANSDUCER GAIN. 
versus FREQUENCY (IMAGINARY) versus FREQUENCY 
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FIGURE 17 — LINVILL STABILITY FACTOR | FIGURE 18 — LOAD ADMITTANCE 
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FIGURE 19 — LOAD ADMITTANCE FIGURE 20 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) versus FREQUENCY (REAL 
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FIGURE 21 — SOURCE ADMITTANCE FIGURE 22 — TRANSDUCER GAIN 
versus FREQUENCY (IMAGINARY) versus FREQUENCY 


APPENDIX ie 2 (g11+Gs 22 + GL) 
= : iI 
LOW NOISE DESIGN y12y2i| + Re (yi2y21 


3 I = 25 mmhos (40 oh 
The procedure followed in designing this amplifier is to and: calculating GL Tob GS mums Cv Onm) 


first calculate the optimum source resistance for optimum = 
noise figure and then calculate the collector loading for a OLS 26h punhes 
required value of k. The transducer gain can he calculated from these imped- 
A first approximation of optimum source resistance for ance levels: 
. . . :2 : 
eplimum noise figure - — pe 4 Re (v 3} Re (YL) ly2al 2 
REF (opt) = meas Ks | [71a + ¥s) (v22* YL) -yi2y2i [2 
re . = 
ee ee GT = 11.8 dB 
2 TABLE | 
RaruDe te f=1GHz Vcp=10V Ic=2mA 
f \2 
1+(Bo + 1) (.) Vib = 25 -j25 
Me SR Yob = 0.55 +47.54 


Yfb = -4.99 +j41 
Yrb = -0.01 -71.19 


Assuming the above parameters for the 2N495 7 are: 


rb = 12.5 ohms 
re = 13 ohms 2s | | 
Bo = 40 | | . REFERENCES 


fab = 1600 MHz, 


.”. REF(opt) = 43 ohms 1. R. Hejhall, “RF Small Signal Design Using Admittance 
Ee _ Parameters”, Motorola Application Note AN-215A, 
The noise figure using this source resistance is available Motorola Semiconductor Products, Inc., Phoenix, Ari- 
from Nielsen’s equation:2 zona. 

4 7 2. E. G. Nielsen, “Behavior of Noise Figure in Junction 

NF =1+ ae as (Rg + re + rb ) 1+(Bot (5) Transistors,” Proc. IRE, Vol. 45, p. 957, July 1957. 
2Rg Rg 2 Bo Rg re fab 3. F. Assadourian and E. Rimai, “Simplified Theory of 
toe Microstrip Transmission Systems”, Proc. IRE, pp. 

Using the previous parameter values, | 1651-1663, December 1953. 

NF =5 dB | 4. M. Arditi, “Experimental Determination of the Prop- 


erties of Microstrip Components,”. Electrical Com- 


Since the impedance level is different at the base, the munication, December 1953. 


collector loading must be re-designed. 
Using Stern’s stability equator for k = 4 (see Table 1): 
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MICROSTRIP DESIGN TECHNIQUES FOR 
UHF AMPLIFIERS 


Prepared by: 
Glenn Young 


INTRODUCTION 


This note uses a 25 watt UHF amplifier design as a 
vehicle to discuss microstrip design techniques. The design 
concentrates on impedance matching and microstrip con- 
struction considerations. A basic knowledge of Smith chart 
techniques is helpful in understanding this note. ! 

_ The amplifier itself, as shown in Figure 1, provides 25 
watts of output power in the 450 - 512 MHz UHF band. 
It is designed for 12.5 volt operation which makes it use- 
ful for mobile transmitting equipment. A variety of police, 
taxi, trucking and utility maintenance communication 
systems Operate in this band. 

Asummary of the performance of the completed ampli- 
fier operating with a 12.5 volt supply at 512 MHz indi- 
cates a power gain of 16 dB and a bandwidth (-1 dB) of 
8 MHz. Overall efficiency is 48.5% and all harmonics are 
a minimum of 20 dB below the fundamental output. 


Microstrip 
Line 


WM 


Microstrip 
Line 


VM 


50 2 610 
2N5945 


L4 


& 
J 


All Microstrip lines 5.72 mm wide 2.5 cm long 
C1,2,3, 470 pf feedthru AA 
C4,5,6 1.0 uf Tantalum 
C7,8,9 0.1 uf Ceramic 
C10,11,13,15,16,17 
C12,14 10 pf Microwave capacitor ATC type 

100-B-10-M-MS or equiv. 


- good reproducibility. 


Sections on construction and device handling consider- 
ations are also presented. 


MICROSTRIP DESIGN CONSIDERATIONS 


Microstrip design was used for this amplifier due to its 
inherent superiority over other methods at this frequency. 
These techniques not only offer good compatibility with 
the Motorola “stripline” package but they also offer very 
Microstrip construction is more 
efficient than lumped constant equivalents since micro- 
strip lines are less lossy than lumped constant components. 

Microstrip board with Teflon bonded fiberglass dielec- 
tric rather than the higher dielectric constant ceramics was 
chosen due to the ease of working with that type of materi- 
al. A substrate thickness of 1/16-inch is convenient since 
a line of the same width as the transistor leads (0.225 
inch) produces a reasonable characteristic impedance (Zo) of 
40.65 ohms. The value of the characteristic impedance is 


+12.5 Vdc 


Microstrip 
Line 


WMA 


Microstrip 
Line 


2N5946 


1.5-20 pf Compression Trimmer ARCO 420 


Ferrite Beads 


L1, L2, L3 — 5 turns #20 Closewound 3/16” J.D. 
L4, L5, L6 — 0.15 uth molded choke 

L7, L8 — Ferroxcube VK 200 20/4B or equiv. 
Ferrite beads are Ferroxcube 


56 590 65/3B or equiv. 


FIGURE 1 — Schematic Diagram of 25 W UHF Amplifier 
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calculated from: 4 
377h 


Zo = /W \ ~ 836 (1) 
Jer x W [+ 1.735 ep om (F) | 


7 


where €, = dielectric constant 
W = width of microstrip line 
h = thickness of the dielectric 


The h term is equal to the total thickness of the micro- 


strip board minus the thickness of the copper on both 

sides. In this design that term is equal to 
h=62-(2x 1.4) =59.2 mils (2) 
1 oz. copper = 1.4 mils thick 

The effective width should be used when the con- 

ductor is of finite thickness. 


t 2h 
Weff = W +— (In — + 1) (3) 
T t 
where t = thickness of the conductor 
_ 2x 59.2 
Weff = 225 + (1.4/7) rae Ge 227.4 mils 
(4) 


therefore: 
377 x .0592 


Z Se’ 
OT S25 x 2274 [141.735 x 2.5 974 x 


paygsaats OE ae tists hac tase ies reese 
59.2 | 


THE AMPLIFIER GN 


The first decision in the design was determining the type 
of matching networks to be used. The network shown in 
Figure 3 was chosen because of its ability to “map” a 
large area of complex impedances; this allows a good tuning 
margin to compensate for normal variations in transistor 
impedances and other peripheral effects. A side benefit of 
this network is that the series tuning element provides the 
dc blocking function, eliminating the need for coupling 
capacitors. 


The synthesis of the matching networks utilizes the large 
signal impedances of the transistors as specified on the data 
sheets. These parameters should not be confused with 
small signal 2-port parameters. A complete discussion of 
large signal characterization is given in Motorola Appli- 
cation note AN-282A. The impedance parameters used in 
this note are taken from the respective data sheets and 


2N5945 
Zin 1.3+ 51.5 ohms 
Zout 4-6-j5.4 ohms 
2N5946 
Zin 1.3+j51.2 ohms 


Zout 4:2 -j0.5 ohms 
2N6136 


Zin 1.3 + j 4.11 0hms 
Zout 3-2+j 1.960hms 


FIGURE 2 — Transistor Complex Input and 
Output Impedance at 470 MHz (Series Form) 
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were obtained in the manner described in AN282A. 


Smith chart techniques are used to synthesize the match- 
ing networks in the amplifier to be described. The complex 
series equivalent input and output impedances as taken 
from the data sheets are shown in Figure 2. There are an 


infinite number of solutions to the required matching net- 
works, however, once an initial choice of one of the com- 


ponents is made, only one solution exists. It is obvious 
that all components need to be kept within reasonable 
limits, however it would seem that the most critical para- 
meter is the length of the microstrip line. Using this 
assumption, the length of the line is chosen as a Starting 
point. The input network, shown in Figure 3 will be solved 
to illustrate the technique. 


L4 = Microstrip Line 5.72 mm wide 2.5 cm long 
Cy = 4.08 pF 
Cy = 16.84 pf 


FIGURE 3 — Equivalent Circuit of Input Network 


Before proceeding to determine the component values, 
the effective wavelength of the desired frequency in the 
microstrip line must be known. This.is accomplished by 
first finding Ag, the wavelength in free space: 


. 8 , 
~_ =3X10° ~ 6 638 meters 


= 6) 
freq 47x 108 ( 


Xo 
where c = propagation constant, free space 
The TEM mode wavelength is determined: 


re re (e)t/ = 63.8cm/(2.5)!/2 = 40.37cm (7) 


TEM 
Now as the propagation in microstrip line is not pure 
TEM mode, a correction factor must be applied to the last 


calculation.4 


1/2 


1/2 (8) 
= 1.086 


1225 


1 + 0.63 (2.5-1) (227.4/59.2) 


Then: 

XN’ = (Atem) (K) = (40.37) (1.086) = 43.85 cm | (9) 
This is the effective wavelength and will be used in all 
further calculations. Equation 8 is valid for width to 
height ratios of 0.6:1 or greater. For ratios less than 
0.6:1 alter the (w/h) factor in the denominator to 
(w/h)°??7 | 

The source and load impedances must now be normal- 
ized to the 40.652 characteristic impedance of the line and 
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FIGURE 4 — Smith Chart Solution 


plotted on the Smith chart. It should be noted that the 
terms “source” and “load” are used here only in reference 
to the Smith chart solution. 
A source impedance of 50 + jO is normalizedgtp 1.23 
+ j0 and a load impedance of 1.3 + j1.5 is normalized to 
0.032 + j0.0369 . The load impedance is plotted at point A 
in Figure 4 and the source impedance at point F. An arbi- 
trary choice of 2.5 cm for the line length was made. This 
is an electrical length of: 
electrical length = line length/)’ . 
=2.5cm/43.85cem=0.057A (10) 


Point A is rotated on a constant VSWR circle 0.057 2 
toward the generator to point B. Reactance must now be 
added in parallel with the impedance presented at the end 
of the line just plotted. As parallel additions are more 
easily handled in admittance form, point B is converted to 
an admittance by rotating it one-quarter wavelength on the 
same constant VSWR circle. This results in point C in 
Figure 4. The constant conductance circle that point C lies 


on is noted to be 0.23. The problem now is to move along 
this circle towards the generator until the reciprocal of the 
constant resistance circle of the source impedance is inter- 
cepted. This circle does not exist on a standard Smith, chart 
and must be constructed. 

This is done by determining the radius of the constant 
resistance circle representing the real part of the source 
impedance and then constructing a circle of equal radius 
with its center on the real axis and its circumference tangent 
to the outer radius of the chart at zero resistance. When 


~~ this is done the intercept with the 0.23 constant real circle 


is seen to lie at point D. The amount of parallel susceptance 
needed to move from point C to point D is: 


Bcp = (Bc - Bp) (Yo) = 
(2.4 - 0.38) (24.6) = 49.72 mmhos. (11) 


This is a parallel capacitance of: 
Cp = Bcp/2nf = 49.72/(27)(470 x 10°) = 16.84 pF (12) 
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All that remains to finish the solution is to determine 
the amount of reactance necessary to reach the source at 
point F. To do this, it is first necessary to transpose point D, 
which is an admittance, to an impedance. This is accom- 
plished by rotating point D one-quarter wavelength on a 
constant VSWR circle. This moves point D to point E 

which is on the 2.04 reactance line thus representing a 
series reactance of: 


XCS = (XB) @ (Zo) = (2.04) © (40.65) = 82.9 ohms = (13) 
A series capacitance with this reactance is: 


Cs= a = 4.08 pF (14) 
(27) (f) (XCs) (27) (470 x 106) (82.9) ; 
This completes the solution for the input network. 

The interstage networks as well as the output network 
are solved in similar fashion with the following differences. 
In the case of the interstage networks when the imaginary 
term of the source impedance is other than zero, point F 
would be plotted at the complex conjugate of the source 


impedance. In the output network solution the “source” | 
is the output load of the amplifier (50 + j0) and the “load” | 


is the collector impedance of the output device. 


| PowerGain | 18db_ | 17.2db | 16db 
Bandwidth (-7db)| _S MHz | _6MHz | _8MHz_| 


Overall Efficiency 44.5% 46.5% 48.5% 
All Harmonics Better Than ~20 db 


Stability Amplifier Stable under all Conditions of 
Drive down to Vcc = 5.0 voits : 


[Power Ourput | 28w | 25w | 28w | 


f Burnout 


No Damagetoany Transistorwith Load Open} 
& Shorted with Oto + 180° Phase Angle 


FIGURE 5 — Typical Performance Specifications 


2.5 cm 
{0.98°") 


2N5945 ee =—-2N5946 


0.225” TYP 


Board is 1/16" Thick 
Tefion Bonded F iber- 
glass Dielectric with 
1 oz. Copper on both 
sides. 


Figure 5 gives details on the performance of the com- 
pleted amplifier. The use of the porcelain dielectric chip 
capacitors for the series elements in the interstage networks 
was found to provide an additional 2.5 to 3.0 dB of gain 
over that obtained with compression trimmers as well as 


reducing the number of tuning adjustments necessary. 


CONSTRUCTION CONSIDERATIONS 


As in all RF power applications, solid emitter grounds 
are imperative. In microstrip amplifiers gain can be in- 
creased more than | dB by grounding both of the emitter 
leads to the bottom foil of the microstrip board by wrap- 
ing strips of copper foil thru the transistor mounting hole 
as shown in Figure 6. 


Section AA 


FIGURE 6 — Proper Emitter Grounding Method 


2.5 cm 
(0.98”’) 


Dl 


FIGURE 7a — Microstrip Board Layout 
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_ FIGURE 7b — Photograph of Amplifier 


Stability under normal operating conditions is essential, 
however, stability should be maintained over as wide a range 
of supply voltage and drive levels as possible. If amplifier 
stability is maintained at all RF drive levels with the supply 
voltage reduced to between three and five volts, the designer 
can be practically certain that the amplifier will remain 
Stable under all conditions of load. Maintaining stability 
is a key factor in protecting these transistors from damage. 
In a stable amplifier that has adequate heat sinking, these 
transistors will withstand high VSWR loads including open 

_and shorted loads without damage. The major controlling 
factors in obtaining wide range stability are: 


1) Mechanical layout: Good mechanical layout in- 
cludes good emitter grounds (as previously described), com- 
pact layout and short ground paths. 


2) Biasing: The devices are all zero biased for Class “C” 
operation. The use of relatively low Q base chokes with 
ferrite beads on the ground side will maintain good base 
circuit stability. In some applications, the use of a resistor 
in series with the ground side of the base chokes on the out- 
put and driver stages may enhance the stability. Approxi- 
mate values of these resistors should be 10 ohms, 1/2 watt 
for the driver and 1.0 ohms, 1/2 watt for the output device. 
The addition of these series resistors will cause a slight loss 
in gain; (about 0.1 to 0.2 dB overall). 

3) Collector supply feed method: The collector supply 
feed system is designed to provide decoupling at or near the 
operating frequency and a low collector load impedance at 
frequencies much lower than the operating frequency. 


4) Heat sinking: In order to protect against burnout 
under all conditions of load, adequate heat-sinking must be 


provided. In heat sinking the device it is imperative to use 
a good grade of thermal compound, such as Dow- -Corning 
340, on the interface between the device and its heat sink. 

Figure 7a shows the microstrip board layout while 
Figure 7b is a photo of the completed amplifier. 


DEVICE HANDLING CONSIDERATIONS 


Although the Motorola stripline package is a rugged 
assembly, some care in its handling should be observed. The 
most important mechanical parameter is stud- -torque, speci- 
fied on the data sheet at 6.5 inch-pounds maximum. This 
data sheet specification is an absolute maximum and should 
not be exceeded under any circumstances. A good limit to 
use in production assembly i is 6 inch-pounds and if for any 
reason repeated assembly/dissassembly is required torque 
should be limited to 5 inch-pounds. , 

Another major precaution to observe is to avoid upward 
pressure on the leads near the case body. Stresses of this 
type can crack or dislodge the cap. This type stress some- 
times occurs due to adverse tolerance build-up in dimensions 
when the device is mounted thru a microstrip board onto 
a heat sink. Many times this type of stress is applied even 
in the most carefully thought out designs due to solder 
build-up on the copper foil when a device is replaced. In 
device replacement care should be taken to flow all solder 
away from the mounting area before the stud nut is torqued. 
Finally, one must be sure to torque the stud nut before 
soldering the device leads. Refer to Motorola Application 
Note AN-555 for details on mounting Motorola “strip- 
line packaged transistors. 
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TUNING DIODE DESIGN TECHNIQUES 


Prepared by: | 
Doug Johnson 


INTRODUCTION 


Voltage variable capacitors or tuning diodes are best 
‘described as diode capacitors employing the junction capa- 
citance of a reverse biased PN junction. There is a wide 
range of available capacitances and different device types. 
The capacitance of these devices varies inversely with the 
applied reverse bias voltage. | 

Tuning diodes or Motorola’s “Epicaps.” have several 
advantages over the more common variable capacitor. They 
are much smaller in size and lend themselves to circuit 
board mounting. They are available in most of the same 
capacitance values as air variable capacitors. Tuning diodes 
offer the designer the unique feature of remote tuning. 

Epicaps, as opposed to earlier versions of voltage vari- 
able capacitors exhibit many new improvements. Lower 
leakage, significantly higher Q and uniformity are just 
some of these advantages. However, the capacitance .of 
all tuning diodes inherently varies with temperature and 
may require compensation. A simple scheme is available 
for compensation of the temperature drift, resulting in 
stabilities as good as, or better than, that of air capacitors. 
This note contains the details for compensating Motorola’s 
Epicap diodes. ; 
SIMPLIFIED THEORY 

A tuning diode is a silicon diode with very uniform 
and stable capacitance versus voltage characteristics when 
operated in its reverse biased condition. In accordance 
with semiconductor theory, a depletion region is set up 


"Junction 


Reverse 
Junction 


Parallel 
Capacitor 


FIGURE 1 — Tuning Diode Capacitor Analogy 


around the PN junction. The depletion layer is devoid of 
mobile carriers. The width of this depletion region is de- 
pendent upon doping parameters and the applied voltage. 
Figure 1A shows a PN junction with reverse bias applied, 
while Figure 1B shows the analogy, a parallel plate capacitor. 
The equation for the capacitance of a parallel plate capaci- 
tor given below predicts the capacitance of a tuning diode. 
| eA 
eso | | 
do | (1) 
where €=dielectric constant of silicon equal to 11.8 x eg 
Eo = 8.85 x 10712 F/m 
A = Device cross sectional area 
d = Width of the depletion layer. 


The depletion layer width d may be determined from 
semiconductor junction theory. 

The more accepted method of determining tuning 
diode capacitance is to use the defining formula for capa- 
citance. 


dQ 


Ce (2) 
dv 
The charge, Q per unit area, is defined as: 
Q=cE (3) 
where E = Electric field 
So we have capacitance per unit area: 
C dE 
c=—=e— (4) 
A dv 


Norwood and Shatz' use these ideas to develop a general 
formula: 


7 an | 1/m+2 
a 


mt+2) (V+@) (6) 


m = Impurity exponent 
c = Capacitance per unit area 


Lumping all the constant terms together, including the area 
of the diode, into one constant, Cp, we arrive at: 


Cj = °D 6 
"” (v#8)7 se 
where y = Capacitance Exponent, a function of impurity 
exponent 
¢@ = The junction contact potential 
(~ 0.7 Volts) 
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The capacitance constant, Cp, can be shown to be a func- 
tion of the capacitance at zero voltage and the contact 
potential. At room temperature we have: 


CD = Co(¢) 7 ae ee 
Co = Value of capacitance at zero voltage 


(7) 


The simple formula given in Eq. 6, very accurately predicts 

the voltage-capacitance relationship of Epicaps. There are 

many detailed derivations 1-2-3.4.5 of junction capacitance, 

so further explanation is not necessary in this note. 

_ The capacitance of commercial tuning diodes must be 
modified by the case capacitance. -“, 


The equation then becomes: 
C=Cot Cj 

where 7 | . 
C. = Case capacitance typically 0.1 to 0.25 pF 
Cy = Junction capacitance given by equation 6. 

TUNING RATIOS. 7 
The tuning or capacitance ratio, TR, denotes the ratio 
of capacitance obtained with two values of applied bias 


voltage. This ratio is given by the following expression for 
the Epicap junction. . - 


oot V2). \Viee |) 7 
Vat¢ 


(8) 


Cy (V1) a 
Cy (V1) = Junction capacitance at Vj 
Cy (V2) = Junction capacitance at V2» 
| where Vj >V2 i. e 
In specifying TR, some Epicap data sheets use four 
volts for V2. However, in order to achieve larger tuning 
ratios, the devices may be operated at slightly lower bias 
levels with some degradation in the Q specified at four volts. 
(See the discussion of O versus voltage in the circuit Q 
section, later in this note). Furthermore, care must be 
taken when operating Epicaps at these low reverse bias 
levels to avoid swinging the. diode into forward conduction 
upon application of large ac signals. These large signals 
may also produce distortion due to capacitance modula- 


tion effects. . a | , 
_ Since the effects of @ and case capacitance, Ce, are 


usually small, Eq. 9 may be simplified to the following for 
most design work: | : 


_C (Vmin) 7 Vmax ) Y 
C (Vmax) Vmin J 


The frequency ratio is equal to the square root of the 
tuning ratio. This tunable frequency ‘ratio assumes no 
‘stray circuit.capacitance. | _ | 

Another parameter of importance 1s 7, the capacitance 
exponent. Physically, y depends on the doping geometry 
employed in the diode. Varactor diodes with 7 values 
from 1/3 to 2 can be manufactured by various processing 
- techniques. The types of junctions, their doping profiles, 
and resulting values of y are shown in Figure 2. These 
graphs show the variation of the number of acceptors 
(Na) and the number of donors (Np) with distance from 
the junction. | 


where 


(10) 


Abrupt junctions are the easiest to manufacture and 
most Epicaps are of this type. This type of junction gives 
ay of approximately 1/2 and a tuning ratio on the order 


3 with the specified voltage range. Therefore the corres- 


ponding frequency range which may be tuned is about 1.7 
to.1.0. A typical example is the MV2101: 


C (V2) = C30 V) = 2.5 pF 
—C (V1) = C4 Vv) = 6.8 pF 
TR=2.7 . 
7 = 0.47 
The subscripts.on the capacitance refer to the bias 
voltage applied. ne ae : 
In many applications, such as tuning the television channels, 
or the AM broadcast band, a wider frequency range is 


-tequired. In this event, the designer must use a hyper- 


7-37 


ratios, frequency ratios and junction types. 


abrupt junction Epicap. The hyper-abrupt diode has a 
y of 1 or 2, and much larger frequency ranges. Table I 
shows typical types of tuning diodes available, their tuning 


Device | Capacitances]| Tuning Frequency] Junction. . 
Series | Available Ratio | 7 Ratio Type 


|15139|47-6.8 pF _|2.7-3.4]0.47| 1.6-1.8 | abrupt _| 
|MV2101|100-6.8 pF |1.6-3.3|0.47] 1.6-1.8 | ‘Abrupt __| 
| 2-2.4 
| 3.23.7 


BB1i05 |10pF_ 4-6 Hyper-Abrupt 
MV 14001 550-120 pF {10-14 | Hyper-Abrupt 
Mv109 | 30. pF | 5-6.5 | 2.2-2.5 | Hyper-Abrupt 


Junction 


A. Linear 


Graded ra Distance from junction 


. Abrupt 


ae. x =@Q Distance from junction 


FIGURE 2 — Doping Profiles and Capacitance Exponent for | 
Some Common Tuning Diode Types 
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The hyper-abrupt devices are constructed with special epi- 
taxial growth and diffusion techniques, which creates a 
doping profile similar to that shown in Figures 2C and 2D. 
The Q of the BB105 and MV109 series hyper-abrupt 
diodes is as high as abrupt junction Epicaps. Their capaci- 
tance range is from a few picofarads to 10 or 20 pF, and 
their major application is in television tuners. The MV1400 
series are high capacitance devices for applications below 10 
MHz. They are suitable for tuning elements in AM broad- 
cast band receivers and similar low frequency applications. 


CIRCUIT Q 

Popular types of mechanical tuning capacitors often have 
Q’s on the order of a thousand or greater. The Q of tuned 
circuits using these capacitors is generally dependent only 
on the coil. When using an Epicap, however, one must be 
conscious of the tuning diode Q as well. The Q of the 
tuning diode is not constant being dependent on bias volt- 
age and frequency. The Q of tuning diode capacitors falls 
off at high frequencies, because of the series bulk resis- 
tance of the silicon used in the diode. The Q also falls off 
at low frequencies because of the back resistance of the 
reverse-biased diode. _ | 

The equivalent circuit of a tuning diode is often des- 

-cribed as shown: 7 


FIGURE 3 — Equivalent Circuit of Epicap Diode 


where © | 7 

Rp = Parallel resistance or back resistance of the diode 
Rg = Bulk resistance of the silicon in the diode 

Ls’ = External lead inductance 

Ls = Internal lead inductance 

Cc = Case capacitance | 


Normally we may neglect the lead inductance and case 
capacitance. This results in the simplified circuit of Figur 
4. | 


FIGURE 4 — Simplified Equivalent Circuit of Epicap Diodes _ 


The tuning diode Q may be calculated with equation 11. 


aatC R.2 
2nfC Rp 


——— 11 
: Rg + Rp + (27 fC)? Rg Rp? G1) 


This rather complicated equation is plotted in Figure 5 for 
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Quality Factor 0 


10° 107 10° 10° 107 108 10910179 
FREQUENCY IN Hz 


FIGURE 5 — Graph of Q versus Frequency 


Rg = 1.0 ohm, Rp = 30 x 10? ohms, at V = 4 volts and 
C = 6.8 pF, typical for a 1N5139 Epicap at room tempera- 
ture. ; a 
At frequencies above several MHz, the Q decreases di- 
rectly with increasing frequency by the simpler formula 
given below: 


Q=Qs= (High frequency Q) (12) 


2nfCRg 
The emphasis today is on decreasing Rg so better high 
frequency Q can be obtained. At low frequencies Q in- 
creases with frequency since only the component resulting 
from Rp, the back resistance of the diode, is of consequence. 


Q*Qp= 2mfCRp (Low frequency Q) (13) 

Qis also dependent on voltage and temperature. Higher 
reverse bias voltage yields a lower value of capacitance, 
and also since Rg decreases with increasing bias voltage, the: 


~Qincreases with increasing voltages. Similarly, low reverse 


bias voltages accompany larger capacitances, and lower Q’s. 
Increasing temperature also lowers the Q of tuning diodes. 
As the junction temperature increases, the leakage current 


1000 


Quality Factor Q 


a 
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10 
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' FIGURE 6 — Q versus Reverse Bias and Temperature 
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increases, lowering Rp. There is also a slight decrease in Rg 
with increasing temperature, but the effects of the decreas- 
- ing Rp are greater and this. causes the Q to decrease. The 
effects of temperature and voltage on the Q Bt a None 
at 50 MHz are plotted in Figure 6. | 


TEMPERATURE 

The Q and tuning ratio of Epicaps are parameters that 
every design engineer must be aware of in. his circuits. 
Another equally important characteristic of tuning diodes 
is their temperature coefficient. A typical example of the 


‘capacitance versus temperature drift is shown in Figure 7. 


Capacitance. (pF) 


Temperature (°C) 


FIGURE 7 — Capacitance versus Temperature fora Mv2101 
Epicap Biased at 4 Volts 
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.. FIGURE 8 — Capacitance Drift i in ppm/c versus Voltage 
a MV2101 Diode . 


The temperature constant, Tc, is a function of applied 
bias. Figure 8 shows Tc for a typical Motorola Epicap. 
Note that for low bias levels, on the order of a volt or two, 
the Tc is as high as +600 parts per million per degree centi- 
grade (ppm/°C). This represents a frequency change of 
- 300 ppm/‘ °C which at 100 MHz means a frequency shift 
of 30 kHz per degree. It is obvious that a temperature 
compensation scheme is desirable for any frequency control 
not using feedback techniques. 

In Figure 9, the actual capacitance drift of a MV2101 
per degree centigrade is plotted. The graph illustrates that 


haps 0.5 V. 


Capacitance Drift (AF/°C) 


4 5-6 810 .15 20 $30 


Reverse Vo Itage (VR) 


FIGURE 9 — Capacitance Drift in Attofarads/°C versus yolteue 
for the MV2101 Tuning Diode’. 


Attofarads = = (pF x 1075) 


a simple negative temperature coefficient compensating 
capacitor will not compensate for the tuning diode Tc 
because the chan in capacitances is not constant with 
voltage. 

A popular method of temperature eompenstnie Epicaps 
involves the use of a forward biased diode. The voltage 
drop of a forward biased diode decreases as the temperature 
rises, thus applying a changing voltage to.the Epicap. In 
the network shown in Figure 1 10, an increase in eee 


VplopE = 9.6 V (Room Temperature) 


FIGURE 10 — Simple Temperature Compensating Network _ . 


will result in a decrease of the diode voltage VDIODE to per- 
If Vin is ‘maintained constant, the available 
output voltage Voyt will rise by 0.1 V. This increase in 
output voltage will lower the capacitance of the tuning 


diode and partially offset the initial capacitance increase 


caused by the temperature change. This method has been 
explored in detail and specific compensating circuits for 
Epicaps have been designed. The following sections de- 
scribe the results of this work. : 


THEORY OF. TEMPERATURE CHANGE 


‘Before proceeding further with schemes to correct the 
temperature drift, it is informative to investigate the physi- 
cal mechanisms responsible for the changing capacitance. 
Equations 6 and 8 may be combined to give the basic 
expression for capacitance below: : 


“(egy aay. 
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We can pinpoint the terms in Eq. 14 that may account 
for capacitance changes. The contact potential, ¢, is a 
strong function of temperature, varying on the order of 
-2 mV/°C. Cg is a function of geometric dimensions 
which can change with temperature and e which changes 
with temperature. Case capacitance also changes with 
temperature. For this analysis we will assume the only 
terms not temperature dependent are the supply voltage 
V, and the capacitance exponent, which is a function only 
of the slope of the doping profile. _ 

The contact potential, ¢, is readily calculated from semi- 
conductor theory, and the equations predict a large change 
with temperature. This change in ¢ will produce a much 


larger change in capacitance for lower voltages than for - 


higher voltages, and therefore accounts for the majority of 
capacitance change in tuning diode temperature drift. See 
Table II. 


TABLE II 
Calculated capacitance ehange versus applied voltage in 
ppm/°C for: 


d@ 
re =-2 mV/°C 


Comparing Table II with Figure 8, we see that a +40 to 
+50 ppm/°C temperature drift still remains. Therefore 
is not the only mechanism responsible for temperature 
drift and others must be sought. There is a change with 
temperature in physical dimensions in any material which 
has an affect on the order of 1 ppm/°C for a tuning diode. 
However, this change is too small to be of any significance. 
Another possibility is a change in dielectric constant. Sili- 
con, depleted of its charge carriers, forms a dielectric layer 
with a relative dielectric constant of 11.8. The dielectric 
constant of silicon has a temperature coefficient of +35 
ppm/°C. 1 These effects change the value of Cq with 
temperature. 

_ Another effect which sometimes must be considered 
is the change in case capacitance with temperature. The 
case Capacitance is about 0.25 pF for the plastic TO-92 
case. And there is a change of +25 AF (attofarads = 10-6 
pF) per degree centigrade. The glass DO-7 case exhibits 
a capacitance of about 0.20 pF and a change of +30 
AF/°C. These are small changes for most low voltage 
capacitances, but become: increasingly important as the 
voltage is increased and capacitance is reduced. Also these 
effects are only important for the low capacitance devices. 
For instance, consider the 1N5139 series which are pack- 


aged in the DO-7 glass case. Table IIT shows how large an. 
effect case capacitance has on the capacitance drift of 


- these diodes. 


TABLE III Effect Of Case Capacitance Changes On 1N5139 
And 1N5148 Epicaps 


1N5139 _ jo iNsi4s 


Bias Changes _ Changes 
Voltage | Capacitance] attributable to | Capacitance) attributable te | 
(Volts) | (pF) case capacitance (pF) case capacitance| 


(ppm/” C) (ppm/°C) 


In summary, the largest changes are caused by the change 
in contact potential. This effect is most noticeable at low 


voltage, high capacitance levels. The change in silicon di- 
electric is the next most important factor providing a change 
that is uniform for all devices and voltages. Case capaci- 
tance changes are most noticeable in the low capacitance, 
high voltage range, and may be neglected for all devices 
except those low capacitance devices. | 


THE POWER SUPPLY 


We previously assumed that the supply voltage did not 
change with temperature. This is rarely the case, and special 
consideration must be given to this part of the design. All 
our efforts to temperature compensate the tuning diode 

may be in vain if the power supply has a large Tc or is 
otherwise unstable. Figure 11 shows the common method 
of supplying voltage to a tuning diode. 


Power | 


Source: 


_ FIGURE 11 — Common Means of Supplying Bias 
_ Voltage to a Varactor Diode = 


POWER SOURCE. 


_° The power source is the most critical part of the circuit 
in Figure 11. It must be extremely stable in order to 
achieve good varactor tuning stability. The full drift of 
the power supply as expressed’ in ppm/°C will appear at 
Vq regardless of the setting of the potentiometer. For 
example, if Vout is 40 volts with a drift of 100 ppm/°C 
(4 mV/°C), Vq may be 10 V, but will still have a drift of 
100 ppm/°C (1 mV/°C). A 50 ppm/°C stability figure in 
Vq translates into a 25 ppm/°C stability of capacitance, 
when the capacitance exponent is 0.5. For hyper-abrupt 
junctions we realize capacitance stabilities of 50 and 100 

ppm/°C for exponents of 1 and 2!respectively. | 

There are many differing power supply regulators avail- 
able to the designer. Zener diodes are relatively inexpen- 
sive, but have a poor temperature coefficient. Temperature 
compensated zeners are very expensive and have a limited 
voltage range. The MC1723,a monolithic integrated circuit 
voltage regulator, has excellent temperature characteristics, 
37 volt output capability, a and wide temperature range. 
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TABLE 1V Summary of Power Regulators 


Voltage Voltage [C apacitance 
: +. ppm/8c | ppm/°c}|  ppm/Pc 
Voltage Temperature Te Typical Typical. 
Device Range Range Te ame 05 


1N4752 
zener 
1N3157 
Temperature 


Compensated 
Zener 


MC1723 
Regulator 
MFC6030 

Functional 
Regulator 
MC7800 
Fixed . 
Voltage 

: Padularovs: 


MV S460 
TO-92 
Regulator 


11259 40-60 20-30 
-100 
qopiee +50 


The MFC6030 Functional* integrated circuit is less costly 
and exhibits almost as good a temperature constant. 
The MC7800 fixed output voltage regulators are 
extremely simple to use in that they have only input, 
output and ground terminals and require no external 
~ components other than possibly a high frequency bypass 
capacitor. (The latter item is generally required with all IC 
regulators to prevent high frequency oscillations). 

The MVS460 is a two leaded IC regulator especially 
designed for use with tuning diodes. It represents a simple, 
inexpensive solution to the voltage regulator problem. 
Table IV contains a summary of available power supply 
regulators. 


VARIABLE RESISTOR 


The variable resistor is considerably less critical. Since 
it is being used as a voltage divider, all that is required is 
that the resistive material be uniform so any change in 

resistance is uniform throughout the potentiometer. Wire 

wound, and special high quality cermet film variable resis- 
tors are suitable for these applications. Generally speaking, 
a linear potentiometer should have a Tc of +150 ppm/°C or 

_better. Special taper potentiometers should have a Tc of 
+50 ppm/°C or better. | 

The variable resistance cannot be made too large or 
there will be appreciable voltage drop as the reverse current 
in the diode increases. The reverse current in a silicon 
diode generally doubles every 10°C so this becomes an 
important problem at temperatures above 50°C. If the 
temperature is expected to run as high as 70°C, one must 
limit the variable resistor to 50 kQ or the effect will be a 
greater than 5 ppm/°C capacitance change. If 50°C is the 
upper temperature limit, the resistance may be upped to 

-150 kQ. These values apply to all of Motorola’s Epicap 
series. _When the tuning diodes are used in applications 
where temperature will greatly exceed 70°C, the divider 
resistance should be kept below 10.kQ. This low value 
requires large power supply currents and would be unde- 
sirable in some applications. However, since the Motorola 


Qa? 


MC 1723 is the recommended power source at these temper- _ 


atures, voltage control may be accomplished using the 
regulator without relying on an external divider potentic: 


*Trademark of Motorola Inc. 


Relative 
cost 


Medium 


Notes: - 
1) See Figure 12 for some typical circuit connections 
2) More information on regulators is available. in literature 8,5 9,10 
3) To compute frequency change (ppm/°C), divide capacitance. 


“(ppm/°C) change by 2. 


(If 60 Vout is required, use of a voltage boost circuit is needed) 


~MC1723 
“Lor (G) 


Optional 


Numbers in parenthesis refer to G package. 
102 *W - 10% | | 
Ry 5 kQ aa pean Match T¢ to within better 
Ro 2 kQ 1% than 20 ppm/°C. 
R3 050k2 50.ppm/°C potentiometer 
- Rg 2k2 20 ppm/°C 


Vin = iam 40 Vv 
Vout variable 2-37 Volts 


Rc 


1% 


FIGURE 12A — High Stability Regulator -50 to +125°C 


Vin = 35 Volts max 
Rec = 202. ZW. 10% Pes 
Ry = Variable Resistor feeding the Epicap 
Ry ~ 50 k 50 ppm 


Vout 0-33 Volts 


FIGURE 12 B — - Regulator Using MCF6030, 0° = 70°C 


- meter, as shown in Figure 12A. ‘The MC1723" s low output 
impedance of 0.05 ohms will easily and reliably handle the 
change in current demanded by the: ‘Epicap as it heats up. 
Figure 12B shows another popular regulator circuit. If 
higher or lower voltages are needed, schemes such as volt- 
age boost® and floating regulators may be used. 
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FIGURE 13 — Temperature Compensation Using A Silicon Diode 


TEMPERATURE COMPENSATION 


It has been previously noted that the most effective 
means of temperature compensation is simply to use a 
silicon junction biased in the forward direction. A circuit 
employing this technique is shown in Figure 13. 


Diode D1 has a forward voltage drop on the order of 
0.6 volts, and a temperature coefficient of - 0.002 V/°C. 
Assuming a constant voltage from the supply, the reduc- 
tion in diode voltage with increasing temperature, increases 
the voltage available to the tuning diode, Vp. The higher 
tuning diode voltage, Vp, lowers the capacitance enough 
to compensate for the increase due to temperature. How- 
ever, merely using a random diode with an arbitrary value 
of R1 will not result in very accurate temperature compen- 
sation. 

Different correction sabyices exhibit different Tc (changes 
in voltage drop with temperature) values because of differ- 
ing doping schemes. For example, a typical Epicap exhibits 
a Tc of approximately — 1.5 mV/°C while some high 
current rectifier junctions measure as high as -2.6 mV/°C. 
So it is necessary to investigate many different junction de- 
vices in order to find a diode that adequately compensates 
the tuning diode drift. 


The tuning diode’s change with temperature must be | 


accurately determined. Also of major importance is the 
value of R1. A typical junction may have a Tc of - 1.5 
mV/°C at 10 mA junction current, and a Tc of -2.8 mV/ 
°C at 1 wA junction current. Thus the value of R1, the 
bias resistor, must be chosen to yield the optimum value of 
compensating diode current. _ 

Detailed ‘analysis was performed on 160 low cost junc- 
tion devices in order to arrive at suitable compensation 
schemes for Motorola’s Epicaps. The results appear in 
Table V. The correction diodes represent the devices which 
provided the most accurate and reliable compensation. A 
computer program was devised to optimize the value of 
RI in each case. Two different methods of compensation 


were analyzed. Method one searches for the lowest ppm 


values without using Cl, the temperature compensating 
capacitor. At some voltages the temperature corrected 
tuning diode will have a negative temperature coefficient, 
while at others it will be positive. In general the results 
are better than +50 ppm over the entire range from 2 volts 
to the breakdown voltage of the Epicap diode. 

Method two attempts to cluster the residual capacitance 
at some standard value after the diode has performed its 


METHOD ONE — Schematic Diagram . 


METHOD TWO — Schematic Diagram 


Note 1: To find the value of negative temperature coefficient 


capacitor, C1, use equation 15. 


= &x*Stpo 
N 


in pF (15); 


where 


Cy, = Value tisted above in Table V 
Ctrp= Capacity in pF of the tuning diode at four volts 
N = Temperature coefficient of capacitor. 
If a N750 is used, N = 750.. 
Note 2: For MV2305 series, the ppm/°c drift vatues specified 
hold for 1.5 V to the breakdown voltage. 


{ correction. This value (due to silicon dielectric change, 


case capacitance change, etc.) is easily “tuned out” by . 
means of a small negative temperature coefficient capacitor. | 
Consideration must be given to the stability of Rl. As 
the resistance of R1 increases with changing temperature, 
less current will be drawn through D1, thus decreasing its 
voltage drop. The result will be a rise in the voltage applied 
to the Epicap. Analysis of this effect is shown in Table 
VL. . | | 7 | 
The results of using a MV2111 in the compensation 
_ circuits are shown in Figures 14A and 14B. Only the diode, 


TABLE VI 


TUNING DIODE BIAS VOLTAGE 


uae ry ca aan 


ppm Accuracy of R1 


+10 m 
98 por PPM 
+50 ppm CAPACITANCE 
-+100- ppm © CHANGE 
+200 ppm 


Keeping cost in mind, £100 ppm or +50 ppm 1% resistors 
are fecommanded 1s R1. 


resistor R1, tuning diode, and capacitor C1 if used were 
. subjected to temperature changes. Thus, any effect of 
power supply variation and sae resistor elnstabiiy: 
were neglected. 

Actual circuits constructed will not be as accurate as 
these test: results because the power supply and variable 
resistor will contribute some instability. Some of the vari- 
ations that will occur are shown in Table VII. 


The effects of tuning diode variation and correction 
diode variation are accounted for in Table V. The effects 
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TABLE V 


Tuning 
Diode 


MV2101 
Series 


1N5139 


Series 


MV2305 
Series 
Note 

2 


Correction 
Diode 


MSD6100 
1N4001 
*2N5221 

*MPS5172 

*MPS3904 


~ MSD6100 | 


1N4001 


MPS5172 


' MSD6100. 


1N4001 


Typ 
ppm 


Method One. 
-50 to 125°C 


~30 to +40 


-40 to +40 


-30 to +40 — 


-35 to +40 


-30 to +50 


-30 to +45 


~40 to +50 


Max . 


ppm 


Method One ]- Two | 
Cy, Note 1 


-50 to 125°C 


Typ - Max 
Method “ppm - ppm. 
Method Two Method Two 
-50 to 125°C | -50 to 125°C 


*2N5221 
*MPS5172 
*MPS3904 | 


MV3500 MSD6100 


Series 

*2N5221 

*MPS5172 
: *MPS3904 
“1N5441 MSD6100 
& 1N5461 
Series - 1N4001 
*2N5221 
*MPS5172 


*Base-Emitter junction used as a diode. 


TABLE VII Other Error Contributing Factors In Temperature 


FIGURE 14A —MV2111, MSD6100 molnpeneatiee Diode 
Compensation 


R1 = 68k 


oo cco | 
oat it 
FSH 
TN Ne 
ee Be ea 
Ut feet 


Plot of Tuning Diode Temperature Correction | | 
versus Voltage (Method Two) 
| : 


Typical ppm/°C 


J Power Supply Variation + +25 
R1 Changes 
Changes in Epicap Current through Potentiometer 
Potentiometer Nonlinearities 
Tuning Diode Variation — 

Correction Diode Variation 


of power supply and potentiometers must be accounted 
for separately and decrease the total accuracy. If a +25 
ppm/°C correction scheme is used, but the power supply 
has +25 ppm/°C stability, an overall stability of +35 ppm 
is obtained. . This apparent error results from the fact that 
the error factors cannot be added. directly, but must be 
summed as vectors in accordance to the rules of error 4 . 5 10 — 50 
theory. It is important to consider the whole circuit when | 
designing for temperature compensation. 


Capacitance Drift (ppm/°C) 


Reverse Bias Voltage (Volts) 


FIGURE 148 — Mv2111, MSD6100 Compensating Diode 
R1=8.2k 
C1=3.3 pF (N330) 
0.00109 pF/°C 


Compensated 
—_—— — Uncompensated 


HYPER-ABRUPT TEMPERATURE DRIFT 


The hyper-abrupt tuning diode is more sensitive than 
other types to temperature variations resulting in a greater 
need for temperature compensation. Also their drift with 
temperature is not as uniform as abrupt junction tuning 
diodes. Their drift factors expressed in ppm/°C run as 
high as 800 to 1200 for the units with a y of 2. Units 
having a y of 1 typically show 300 to 400 ppm/°C capaci- 
tance changes. These higher drift rates are caused by the 


Capacitance Drift (ppm/°C) 


Reverse Bias Voltage (Volts) 
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hyper-abrupt tuning diode’s greater sensitivity to changes 
in voltage, and the fact that the majority of capacitance 
change is caused by the change in contact potential, ¢. 


This greater sensitivity to voltage changes means that power . 


supply and other instabilities will also have a larger effect 
than with regular abrupt junction tuning diodes. 

As a first order approximation, a MPS3904 transistor’s 
emitter-base junction with a 50 k resistor used for R1 will 
improve the temperature drift in capacitance to better 
than 200. ppm/°C. Improvement from this point can only 
be obtained by a trial and error method described below. 

Figure 15 shows the variation in compensation as Rl 
is varied for the MV3142, a hyper-abrupt tuning diode. As 
R1 is increased in value, the ppm/©C value is made more 
negative. The effect of the change is greatest at lower 
voltages. 

To completely compensate the drift factor of the 
MV3142 shown in Figure 15 would be very difficult due 
to the variation of the curve shape. However, improved 
compensation may be achieved by limiting the diode to 
an operating voltage range of 2 to 15 volts. Starting with 
an R1 value of 50 k, the tuning diode and compensation 
circuit should be varied in temperature, while measuring 
the capacitance change. If the drift factor is more positive 
than desired, Rl may be increased in value. Referring to 
Figure 15, a temperature drift factor of +40 ppm/°C at 2 
V may be larger than can be tolerated. Substituting a 200 k 
resistor will reduce the value to 25 ppm/°C at 2 V. In 
order to accurately compensate at any voltage, it is only 
necessary to vary R1 while measuring the capacitance drift. 
If the required value for R1 becomes larger than 750 k, 
the compensating junction type should be switched to a 
MSD6100, and the bias resistor started at 50 k again. 


+200 


PT AT Uncompensated. a 

a ae Sass 
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Compensated 


Wy 
= 
(pA 


80 


“100 a ve 
. Tes 


Fiavwine Bias Voltage as 


20 25 


FIGURE 15 — MV3142 Tuning Diode Compensation 
For Differing Values of R1 


SUMMARY 


Voltage variable capacitors are rapidly replacing air vari- 
able capacitors in many applications. These devices offer 
“many advantages over previous variable capacitors, such as 
the ability to employ, remote tuning. By carefully con- 
sidering the proper design conditions, such as temperature 
drift, and designing accordingly, Epicaps can replace air 
capacitors in virtually all but high power applications. The 
designer must be aware of the tuning range and Q limita- 
tion in order to use these devices effectively. Temperature 
drift should cease to be a problem when proper compel 
sation schemes are used. 
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MOUNTING 


Prepared by Lou Danley’ 


INTRODUCTION | | 

The Stripline Opposed Emitter (SOE) package presently 
used by Motorola for a number of.1f power transistors 
represents a major advancement in high frequency and 
thermal performance. This Application Note discusses the 
SOE package, it advantages and limitations as well as a 
number of considerations to avoid improper usage. . 

An understanding of a few basic principles in regard to 
mounting and heat-sinking of this package can help avoid 
cases of poor performance or device damage. 

Two general package types — the stud-mounted and 
flange-mounted SOE packages will be discussed. Each of 
the general types is available in a variety of sizes. Typical 
package outlines of the two SOE packages are shown in 
Figure 1. | 


ADVANTAGES OF THE SOE PACKAGE 


The primary electrical advantages of the SOE packages 
are the low inductance strip line leads which interface very 


well with the microstrip lines often used in UHF-VHF _ 
equipment and the good collector to base isolation provided 


by the two emitter leads. The two emitter concept pro- 
motes symmetry in board layout when combining devices 
to obtain higher output power. Both emitter leads should 
always be used for best performance. : 


DESCRIPTION OF THE SOE PACKAGE 


Figure 2 displays the component parts on a stud- 
mounted SOE package. This package will be used as an 


_ANS555 


STRIPLINE-OPPOSED-EMITTER (SOE). 


RS 


-. example since both the stud and flange-mounted packages 


are very similar in construction. The body of the package 


is a Berylium Oxide (BeO) disc. Berylium Oxide was chosen 
due to its high thermal conductivity. Attached to the 
bottom of the disc is a copper stud which is for heat transfer 
and mechanical mounting. The lead frame is attached to 
a metalized pattern on to the top surface of the BeO disc. 
The actual shape of the leads differs between the various 
package types. Finally an Alumina ceramic cap is attached 
to the top of the disc over the leads providing a protective 
cover for the transistor die. é 

An understanding of the basic structure of the SOE 
package is essential to proper usage of these devices in 
respect to heat-sinking and mechanical mounting. Since 


- these two areas present the greatest problem to users, they 


will be discussed in. detail. 


HEAT-SINKING THE SOE PACKAGE 


_ In order to properly understand the thermal considera- 
tions involved in mounting SOE type packages, it is neces- 
sary to lay some groundwork in the area of heat flow. 
Table I gives equivalent Thermal and Electrical parameters 


_ which may be used to relate Thermal properties to more 


familiar electrical units. | | 


Semiconductor power devices are usually guaranteed to 
have a certain thermal performance as stated by the thermal 
resistance of the device from the junction to the case, or 
mounting surface — jc. How to get the heat out of the 


FIGURE 1 — SOE Packages . 


MOTOROLA RF DEVICE DATA 


7-65 


AN555 


Metalic 
Pattern 


Surface 
S 


FIGURE 2 — Component Parts of SOE Package 


case has generally been left to the user. In any dynamic 
heat flow problem, the heat must go somewhere, other- 
wise there will be a continuous rise in the temperature of 
the system. In text books, there always seems to be an 
“infinite heat sink” available which can absorb any amount 
of heat with no temperature rise whatsoever. In the 
practical sense, however, such a heat sink does not really 
exist. Practical heat sinks must be characterized by a cer- 
tain temperature rise for a given ambient condition, with 
a known amount of heat input (power to be dissipated) 
after equilibrium conditions have been achieved. Charac- 
terization of heat-sink systems is best achieved by exam- 
ining the complete system under controlled conditions. 


TABEE ! — Thermal Parameters and Their Electrical Analogs 


Thermal Electrical Analog 

— Parameter a si Parameter 
Temperature Voltage 
difference 
com 
watt-sec 
Heat capacity 
Thermal oi 
Conductivity 

conductivity sec-cm-? 


Quantity of Charge 

nest 

ae a 
Thermal time 
constant 

*Note the one major difference in thermal and electrical units; Q © 
is in units of energy, whereas q is simply a charge. Hence His in 


units of power and may be equated to an electrical power dissipa- 
tion. 


For example, the normal environment for a land-mobile 
VHF transmitter might be the trunk of a taxi cab in the 
hot Arizona summer. In such an environment, temperatures 
might reach as high as 80°C (176°F). The heai-sink 
system for such a radio should therefore be tested at a 
minimum ambient temperature of 80°C. The method 
that should be applied in this test would utilize a fine 
wire thermocouple rigidly secured to the stud of the rf 


power transistor for which the test is being conducted. 


The system, which in this case would include all parts of . 
the radio which would contribute heat, should then be 
operated under maximum heat generating conditions, in 
the high temperature environment specified. Careful meas- 
urement of the temperature of the device under test would 
then give the difference in temperature between the case 
of the transistor and the controlled ambient. 

If the case and ambient temperatures are known, as well 
as the power levels in the transistor, the thermal resistance 
from the transistor case to the ambient can be calculated. 
The first step is to obtain the power Pele dissipated by 


~ the device. 


pa=Py 4 P2 - P3 (1) 


where: Pgq = power being dissipated by the Hadsisto: 


in watts; , 
P} = dc power into the transistor in watts; 
P> = rf power into the transistor in watts; — 


P3 =rf power out of the transistor in watts. 


This value of Pg is used to obtain the OCA value from 
the equation: 


Tc-TA 


9CA=—3, —Q) 


AC A = thermal resistance device case to 
ambient; 


where: 


Tc = device case temperature; 


TA = ambient temperature. 


In order to determine the maximum temperature rise 
in the transistor element (junction temperature rise) under 
any given operating condition the following equation may 
be used. 


Tj = (@3Jc+9ca)PatTa (3) 


where: Tj = junction temperature, 


0jc = published thermal resistance — 
junction to case. 


If power is dissipated in a power transistor, the case 
temperature will rise above the ambient temperature by 
an amount determined by 0jJc and 0CA. Since the value 
to 0jc is fixed by the transistor type being used, OCA is 
the only factor with which the user can control the junction 
temperature for a given power dissipation. 
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Since heat generated by the transistor must be radiated 
to the ambient by the heat sink, a low OCA requires an 
effective heat sink. In general, an efficient heat sink 
requires that material with high thermal conductivity and 
high specific heat be used. A table of thermal properties 
for various materials is given in the Appendix. A well- 
_ designed heat sink requires that all thermal paths be as 
short as possible and of maximum cross-sectional area. 
Examples of thermal resistance calculations for a bar and 
a flat disc of thermal conducting material are given in the 
Appendix. 

The equations given in the Appendix however, assume 
no thermal resistance between the case and the heat sink. 

The primary heat conducting surface on stud-mounted 
SOE packages is the flat metal surface between the actual 
stud and BeO case body labeled surface S in Figure 2. This 
surface, which has a D-flat on some.case types, must make 
good contact with the heat sink to allow good thermal 
conduction. To insure good contact: a) the heat sink 
mounting surface must be flat, b) the mounting hole must 
be burr free, the proper size and perpendicular to the mount- 
ing surface, c) the proper sized nut should be used and d) 
the nut should be properly torqued. Recommended mount- 
ing hardware is given in the section on device mounting. 

With flange-mounted devices the primary parameters 
affecting thermal transfer are the flatness of the heat sink 
surface and the flatness of the device flange. The flange- 
mounted package requires that good contact be made be- 
tween the flange and the heat-sink surface, particularly 
directly beneath the BeO disc. 

With either of these packages it has been found that a 
considerable improvement in thermal transfer can be 
achieved through the proper use of one of the silicone 
based “‘heat-sink compounds” which are marketed by 
several vendors. Dow Corning and Wakefield Engineering 
are both suppliers of good thermal compounds. It should 
be pointed out however, that these compounds have a 
thermal conductivity approximately equal to that of Mica 
(0.0018 Cal/Sec-cm-°C) which is poor compared to that 
of Aluminum (0.49 Cal/Sec-cm-°C). However by comapr- 
ison, the thermal conductivity of still air is approximately 
0.000006 Cal/Sec-cm-°C). The quantity of silicone grease 
used must be kept to the absolute minimum required to 
fill in any air gaps which might occur between the tran- 
sistor mounting surface and the heat-sink surface. In the 
case of the stud-mounted package this is the gap after the 
transistor has been secured with the proper stud torque. 
Contributions of as high as 0.5°C/watt to the overall 


thermal resistance can occur if the heat-sink compound is is 


used i ina peas and excessive manner. 


MOUNTING SOE DEVICES 


The second area demanding consideration by a user ee: 
SOE transistors is mechanical mounting. Failure to observe 
proper mounting procedures can result in device destruc- 
tion. This section will discuss both the stud-mounted, and 
the flange-mounted SOE devices. 

Seven general considerations for properly mounting 


SOE transistors are listed briefly below. More detailed 
discussion will follow. 


A. The device should never be mounted in such a 


- manner as to place ceramic to metal joints in tension. 


B. The device should never be mounted in such a 
manner as to apply force on the strip Se in a vertical 
direction towards the cap. 


C. When the device is mounted in a printed circuit 
board with the copper (stud or flange) and BeO portion 
of the header passing through a hole in the circuit board, 
adequate clearance must be provided for the BeO to pre- 


vent shear forces from being applied to the leads. 


D. Some clearance must be allowed between the 
leads and the circuit board when the device is properly 
secured to the heat sink. 


E. The device should be properly secured into the 
heat sinks before the device leads are attached (soldered) 
into the circuit. 


F. The leads must not be used to prevent device rota- 
tion on stud type devices during stud torque application. 
A wrench flat is provided for this purpose. 


G. With stud packages, maximum stud torque, as 
stated later in this note, and on the respective device data 
sheets must not be exceeded. If repeated assembly/dis- 
assembly operation is expected, a lesser torque. should 
be used. 


_ Most of. the considerations listed above are designed to 
prevent tension at the metal-ceramic interfaces on the 
SOE package. Improper mechanical design can lead to 
application of stresses to these joints resulting in device 
destruction. Three joints are considered: The cap to the 
BeO disc, the leads to the disc, and the stud or nanee 
to the disc. : 

The joint between the ceramic cap and the BeO ceramic 
disc is composed of a material which loses strength above 
175°C. While the strength of the material returns upon 
cooling, any force applied to the cap at high eaperanure 
may result in failure of the cap to ceramic joint. | 

The lead frame and stud or flange attachment will be 
grouped together since they are very similar. Although 
the SOE package used by Motorola makes use of high 
temperature (> 700°C) solder alloys for lead frame and 
flange or stud attachment, care should be taken to avoid 
the application of tensile forces to the joint in the mount- 
ing of the transistor into a system. Such forces could 
result if the device were mounted with i improper mounting 
clearances. 


MOUNTING THE STUD TYPE SOE TRANSISTOR 


Figure 3 shows a cross-section of a printed circuit board 


and heat sink assembly for mounting a stud type SOE 
device. Let us define Has the distance from the top surface 
of the printed circuit board to the D-flat heat sink surface. 
If H is less than the minimum distance from the bottom 
of the lead material to the mounting surface of the SOE 
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FIGURE 3 — Typical Stud-Mounting Method 


package, there is no possibility of tensile forces in the 
copper stud — BeO ceramic joint. If, however, H is 
greater than the package dimension, considerable force is 
applied to the cap to BeO joint and the BeO to stud joint. 
Two occurances are possible at this point. The first is a 
cap joint failure when the structure is heated, as might 
occur during the lead soldering operation; while the second 
is BeO to stud failure if the force generated is high enough. 
Lack of contact between the device and the heat sink sur- 
face will occur as the difference between H and the package 
dimension becomes larger, this may result in device failure 
as power is applied. . 

Proper stud torque is an important consideration when 
mounting stud type SOE devices.* The stud section of the 


SOE package is composed of a special copper alloy chosen - 


because of its high thermal conductivity. However when 
this material is used in studded semiconductor device pack- 
ages, it is necessary to place severe restrictions on the 
amount of tightening torque which can be applied to a nut 
used to secure the device to a heat sink. 


*The Motorola Outline Dictionary calls for Class 2A threads. The 
National Bureau of Standards Handbook H28 entitled Screw Thread 
Standards, paragraph 4.2 on page 2.17, reads in part as follows: 


““However, for threads with additive finish, the max- 
imum diameters of Class 2A threads may be exceeded 
by the amount of the allowance; i.e., the 2A maxi- 
mum diameters apply to an unplated part or to a 

- part before plating whereas the basic diameters (the 
2A maximum diameter plus allowance) apply to a 
part after plating.” 


Also, footnote b, page 2.37 reads: 


“For Class 2A threads having an additive finish, the 
maximum is increased to the basic size, the value 
being the same as for Class 3A.” 


This means that for plated parts, the no-go gauge used is the 2A 
minimum and the go gauge used is the 2A maximum plus the allow- 
ance or, in other words, the 3A maximum. a 


Torque-Ibs.-Inch 


_ The recommended torque values are listed below for 
the two thread sizes presently being employed on Motorola 
rf power transistor packages. © | 
Recommended maximum torque for stud SOE tran- 
8 - 32 


sistors follows: | 
oo | 10-32 
Threads © Threads 


[One time maximum | 65 Ib-in._[ 11.0 bin. 
Repeated assembly- a 
assembly maximum 5.0 lb.-in. | 8.5 lb.-in. 


An evaluation of the effects of measured torque on the 
studs under consideration requires a known set of condi- 
tions. . The system used to generate the data shown in 
Figure 4 consisted of a 1/8 inch aluminum plate with a 


deburred clearance hole for the stud under test, a steel 


washer to be positioned between the plate and appropriate 
steel nut. A calibrated torque wrench was used as the 
driving means. On each unit under test, the spacing sepa- 
rating four threads positioned between the nut.and heat- 
sink surface was measured.. After mounting the device on 
the aluminum plate and applying a known amount of torque 
the spacing was again measured and the results recorded. 

The results of this test show that up to the maximum - 
torque specified, the permanent elongation of the threads 
increases linearly with applied torque. At the torque speci- 
fied this elongation does not exceed acceptable limits. 


MOUNTING THE FLANGE TYPE SOE TRANSISTOR - 


The mounting and heat sinking of the flange type 
package is similar to that of the stud type package. The 
main considerations with the flange package are avoiding 
tensile stresses at the metal-ceramic joints and providing a 
flat heat conducting surface beneath the flange. 

Figure 5 shows a typical mounting technique for flange 
type SOE rf power transistors. Again H is defined as the 
distance from the top of the printed circuit board to the 
heat-sink surface. If distance H is less than the minimum 
distance from the bottom of transistor lead to the bottom 
surface of the flange, tensile forces at the various joints in 
the package are avoided. However, if distance H exceeds 
the package dimension, problems similar to those discussed 
for the stud type devices can occur. Because of the ability 


0.001 0.602 0.003 0.004 0.005 0.006 
Inches | 


FIGURE 4 — Permanent Elongation Over a Four Tooth Length 
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CROSS SECTION 


Metal Heat 
Sink Surface — 


FIGURE 5 — Flange Type SOE Transistor Mounting Method 


of the copper flange to bend under the types of loads en- 
countered when the mounting screws are tightened, per- 
manent deformation of the flange may-result. Corrective 
action after the flange has been bent will not necessarily 
insure proper thermal contact with the heat sink. 

The flange surface as supplied with Motorola SOE tran- 
sistors is either flat or slightly convex. It is important that 
the mating heat-sink surface also be flat or slightly convex 
to provide the best contact when the device is properly 
secured. . . . 

The holes for the mounting screws should be deburred 
because any irregularity of the surface at these two points 
is equivalent to concavity of the heat-sink surface which 
will degrade thermal contact between the transistor and 
the heat sink. , . = 

Since the flange may be permanently deformed during 
mounting, the device should not be dismounted and re- 
mounted in another position. 


CONCLUSION 


The SOE package is an excellent rf power transistor 
package. However, improper heat sinking and mechanical 
mounting can result in device damage. A number of con- 
siderations have been presented to inform the potential 
user of the hazards of improper mounting. Proper usage 
of the SOE package requires no great difficulty if the de- 
signer is aware of the limitations and. construction of 
the package. 

A list of recommended mounting hardware and a sug- 
gested mounting procedure follows: try os 


“Table of Recommended Mounting Hardware Which Can be Supplied 
~ With Motorola Stud Type SOE Transistor . 


Motorola Part Numbers 
Flat Washer 


- 0 4 0 
02BSB51568F042 | 04BSB51567F038 
6-32 | 02BSB51568F040 | 04BSB51567F036 


4BSB51566F032 


10-32 | 02BSB51568F044 | 04BSB51567F040 | 04BSB51566F028| 


STEPS IN A PROPER MOUNTING PROCEDURE 
1. Compare the distance between the heat sink sur- 


face and the top of the printed circuit board with the 


minimum dimension of the transistor from the mounting 
surface to the bottom of the leads. The transistor dimen- 
sion, as stated on the device data sheet, should be the 


greater distance to avoid the-chance of stresses on the 
various joints of the SOE package. . 


2. - Bore the proper sized mounting hole or holes for 


_. the stud or mounting screws. These holes should be per- 


properly deburred. 


pendicular to the heat ‘sink surface and they should: be 


3. Place’a limited amount of thermal compound on 


the heat sink surface where it will contact the flange or 


mounting surface above the stud. Insert the transistor and 
mount with the proper hardware.as suggested in the 
preceeding table. Be he gt Smt Be ee eee ae 
In the case of the stud device, torque: the nut to 
the proper value. & Bp eee segs * 
4. Solder the leads to the printed circuit board using 
the minimum amount of heat and the least possible time — 
of application. The leads should be soldered as‘ close to 
the package as possible to minimize series lead inductance. 


5. With the unit exposed to the highest expected am- 
bient temperature, and power applied, measure the tem- 
perature at the stud or flange surface with a thermocouple 

to insure that this temperature is not excessive. Before 
production quantities are commited, it is suggested that a 
sample assembly to be tested under worst case heat 
generating conditions. | - 


APPENDIX — 


In order to aid in heat-sink design, a table of thermal 


_ properties of common materials and a pair of thermal 
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conductivity examples.are presented: = 
Table AI gives three important thermal properties of 


common heat-sink materials. In order to evaluate materials 


for use in heat sinks these three thermal properties should 
be considered. | | 
Thermal conductivity is a measure of the ability of a 
material of known cross-sectional area to transfer heat a 
given distance in a given time with a given temperature 
difference. Generally metals are good thermal conductors. 
Specific heat is a measure of the amount of heat a given 


‘mass of material can accept for a given rise in temperature. 


The scale is normalized to the heat. capacity of water 
(H20 = 1.0)...» a ee ee 

Mass density is simply the mass per unit volume of a 
material. This parameter is important-in heat sink design 
to the extent that large heat sinks of dense material carry 
with them a serious weight penalty. . : 


AN395 


- TABLE Al — Typical Thermal Properties of Materials 


Thermal Specific 
Conductivity K Heat S$ Mass Density , 
Material (cal/sec-cm-°C) | (cal/gm-°C) (gm/cm°C) 


[silver | 0.97 |S 
0.92 0.093. 

[Beryllia- 
Ceramic 


Alumina- 
Ceramic .. . 


Heat Sink 
Compound 


Examplel. A ee 
In order to present some of the important character- 
istics to be used in heat sink design, the examination of 
two admittedly simplified models is desirable. The analogy 
between electrical resistivity and thermal resistivity will 
be employed. - | | 
The first of these is shown 


in Figure Al. 


Surface “B”’ 


Surface “A” 


rss 


FIGURE A1 — A Bar of Thermal Conducting Material 


The electrical resistance from Surface A to Surface B 
of this bar of conductive material is: . | 


_ pL “9 
Rew ae 
_ Using the electrical to thermal analogs: . 
| ; ‘ Lt , 
ae bog 4 ~KhWKA- _ (A2) 
_- This-simplified model might represent a pedestal mount 


or a device mount in the’ center of a bar connecting. at 
either end to a housing, and demonstrates the need for 
thermally conducting paths of high cross-sectional area 
and the shortest possible length. 


Example 2. 


The second simple model represents the mounting of 
the power device on a plate of conducting material which 


_ provides the conducting path to the ambient conditions. 


_ Consider the simple disc geometry shown in Figure A2 


-as a donut-shaped sheet resistor. Equation A3 represents 


the electrical resistance between rl and r2, 


(A3) 


FIGURE A2 — Disc-Shaped Thermal Conductor 


using the first term of the appropriate power series 
expansion — | 


12-1] 
el ( (A4) | 
TM \ IQ tr] 
Where: p = Resistivity; 
os 1 s 
Pe 


o = Conductivity. 


Replacing the electrical terms with their thermal analogs 
we find: | 


1 /r2-T1r] 
@=—— 
Krx (3 + _) 
Note the inverse linear dependence of thermal resistance 
on the thickness of the conducting sheet. 
This model demonstrates a major factor in designing 
heat sink structures for stud type power transistors. All 


other factors being equal, the thickness of the thermally 
conducting plate is of prime importance in the solution of 


~ heat flow problems. 
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BROADBAND LINEAR POWER AMPLIFIERS 
USING PUSH-PULL TRANSISTORS 


Prepared by | 
Helge Granberg 
RF Circuits Engineering 


_ INTRODUCTION | 

Linear power amplifier operation, as used in SSB trans- 
mitters, places stringent distortion requirements on the 
high-power stages. To meet these distortion requirements 
and to attain higher power levels than can be generally 


achieved with a single transistor, a push-pull output con-. 


figuration is often employed. Although parallel operation 
can often meet the power output demands, the push-pull 
mode offers improved even-harmonic suppression making 
it the better choice. The exact amount of even-harmonic 
suppression available with push-pull stages is highly de- 
pendent on several factors, the most significant one being 
the matching between the two output devices. Neverthe- 
less, even in the worst case the suppression provided in push- 
pull designs is superior to that of single-ended circuits. 
Device matching however is not limited to push-pull circuits 
since it is also required to a lesser degree in. paee tran- 
sistor designs. 

Two linear power amplifier designs are to be discussed 
in this Application Note. The 80 Watt design is intended 
for mobile communications systems operating from a 12. 5 
V power sources. The other supplies 160 W when operated 
from a 28 V line and it is intended for fix location systems. 
Both designs cover the 3-30 MHz band and utilize a driver 
stage to provide a total power gain of about 30 dB. Each 
amplifier requires some amount of heat-sinking for proper 
operation. The 28 V amplifier requires a heat-sink with a 
thermal characteristic of 0.85°C/W while the 12.5 V 
_ version uses a heat-sink with a 1.40°C/W thermal resistance. 
With these heat-sinks, cooling fans are not required for 
normal conditions, since with speech operation the average 
power is some 15: dB below peak levels. However, if two- 
tone bench testing is to exceed ‘more than a duration of 
a few minutes, a cooling | fan should be provided. | 

To assure ruggedness, engineering models of both ampli- 
fiers were subjected. to open and short circuit output mis- 
matches. for. several minutes at full power levels without 
any. apparent damage to any of the transistors. This is 
very important in most equipment. designs to avoid possible 
downtime for transistor Epc ments . 


A 28 V, 160 W AMPLIFIER 


An. amplifier which can supply 160 watts. 5 (PEP) into a 
50 2 load with IMD performance of -30 dB or better is 
shown in the schematic diagram of Figure 1 and photos 
of Figures 2 and 3. Two 2N5942 transistors are employed 
in the design. These transistors are specified at 80 watts 


both the output and driver devices. 


(PEP) output with intermodulation distortion products 
(IMD) rated at -30 dB. For broadband linear operation, 
a quiescent collector current of 60-80 mA for each tran- 
sistor should be provided. Higher quiescent current levels 
will reduce fifth order IMD products, but will have little 
effect on third order products except at lower power levels. 


Generally, third order distortion is much more significant 


than the fifth order products. | 

A biasing adjustment is provided in the amplifier circuit 
to compensate for variations in transistor current gain. 
This adjustment allows control of the idling current for 
This control is also 
useful if the amplifier is ppeated from a ‘supply other | 
than 28 volts. 

Even with the biasing control, it is sion: suggested 
that the output transistors be beta matched. As with any — 
push-pull design, both dc current gain and power gain at a 
midband frequency should be matched within about 15- 
20%. This matching may require more stringent limits if 
broad-banding is necessary since broad-band operation re- 
quires more effective cancellation of even harmonics. In 
the engineering model used, the transistors were not-per- 
fectly matched. Four “similar” pairs were selected from a 
total of ten randomly chosen 2N5942 transistors. Table I 
shows the measured harmonic suppression which is degrad- 
ed by the mismatch in the output transistor parameters. 


This data was taken with ‘a single frequency test and 


80 watts aveliBe output. 


TABLE | — HARMONIC SUPPRESSION OF 28 V AMPLIFIER 
AT FULL OUTPUT POWER 


A 2N6370 transistor is employed as a driver. This device 
is specified at 30. dB IMD when delivering. 10 watts (PEP). 
However, at about 4.5 W (PEP) output, which is the maxi- 
mum necessary to drive two 2N5942 transistors, the IMD 
is typically better than -40 dB with Class B biasing. A’ 
quiescent collector current level of at least 10-15 mA pro- 
vides best IMD performance with .the 2N6370. Higher 
current levels will not improve linearity, but will degrade 
driver efficiency. 
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C1 — 0.033. HF mylar 
C2, C3 ~ 0.01 WF mylar 


(C4 — 620 pF dipped mica ; x e . . T1— 4:1 Transformer, 6 turns, 2 twisted pairs of #26 ewe 
C5,C7,C16—0.1 uF ceramic ee ~ enameled wire (8 twists per inch) 
C6 — 100 MF/15 Vv electrolytic : oS T2 — 1:1 Balun, 6 turns, 2 twisted pairs of #24 AWG: 

C8 — 500 uF /6 ‘Vv electrolytic ; enameled wire (6 twists per inch) 
C9, €10,.C15, C22 — 1000 pF feed through T3 — Collector choke,.4 turns, 2 twisted pairs of #22 AWG 
C11, C12 — 0.01 WF F . enameled wire (6 twists per inch) 


C13, C14 — 0.015 WF mylar T4 — 1:4 Transformer Balun, A&B —5 turns, 2 twisted pairs 


Gio OEE iS 00N elect oly te | of #24, C — 8 turns, 1 twisted pair of #24 AWG enameled 
OTS C19 2A io 006s Er mylaredn paralic| wire (Ail windings 6 twists per inch). (T4 —.Indiana 
C20— 0.1 uF disc ceramic . . General F624-1901, — All others are Indiana General 


ei ae aries F627 801 ferrite toroids or paul valene 


—R2— 47 2, 1/2 W carbon 


R3 — 820 2,1W wire W RABIES Llee : 
R4 — 35 2,5 Wwire W. ms L1—.33 wH, molded choke Q1 — 2N6370 
-R5, R6 — Two 150 2, 1/2 W carbon in parallel L2, Le, L7 — 10 #H, molded choke Q2, Q3 — 2N5942 
R7,R8 — 10 Q, 1/2 W carbon : L3— 1.8 MH (Ohmite 2-144) Q4 — 2N5190: 
RO, R11 — 1 k, 1/2 W carbon - PoGe 8 Z L4, L5 —-3 ferrite beads each pi — 1N4001 
R10 —1k, 1/2 W potentiometer L8, LO — .22 WH,. molded choke. - D2 — 1N4997 
R12 — 0.85 2 (65.12 0r 43.3 9.1/4W resistors in parallel, 7 ~ - ar: 
divided equally between both emitter leads) , J1,J2 — BNC connectors 


FIGURE 1 — 160 Watt (PEP) Broadband Linear Amplifier — 


FIGURE 2 — Photo of 28 V Linear Amplifier. FIGURE 3 — Photo of Back Side of 
e : : 28 V Linear Amplifier 
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50 20 
Unbalanced 


Input 4 To bases of 


Pair #2 
T2 


transistors 


Multiple Line transformers must be wound bifilarly, 
-although not shown here 
NOTE: Pictures do not indicate actual number of turns. 


-FIGURE 4 — Transformer Details for 28 V Linear Amplifier 


Feedback 


To compensate for variations in output with changes in 
operating frequency, negative voltage feedback is employed 
on both the final amplifier and driver stages. At the low 
end of the desired frequency band, approximately 4.5 dB 
of feedback is introduced in the final stage and 15 dB in 
the driver stage. With this feedback and the feedback net- 
works shown in the schematic diagram, Figure 1, a total 
gain variation of 0.5 dB was measured on an engineering 
prototype amplifier over a 3-30 MHz range. The total gain 
differential in three identical amplifiers constructed for 
evaluation was lessthan 1.5 dB. — ; : 


Transformers Employed 

In order to. achieve the desired broadband response, 
transmission line-type transformers were employed for 
coupling and signal-splitting. These transformers utilize 
twisted-pair windings and toroidal cores. Transformers T1, 


T2 and T3 have turn ratios of 4:1, 1:1 and 1:4 respectively. 
Additional information on these transformers can be found 
in the references. A short description of each of the trans- 
formers will follow. | _ 

Transformer Tl provides an impedance transformation 
to match the 50 © source to the low impedance level 
required at the base of QI. This transformer consists of 
six turns of two twisted pairs wound on a toroidal core. 
The two pairs (four separate wires), are twisted together 
and the two wires from each original pair are soldered 
together at each end. Each pair thus connected is shown 
as a single wire in Figure 4. The pairs can easily be 
identified by choosing wires with two different colors 
of insulation, 


Transformer T2 is a 1:1 Balun consisting of six turns of 
two-twisted pairs of wire (four wires total). As shown in 
Figure 4 each of the pairs is treated as a single wire. 
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Transformer T3 consists of four turns of two twisted _ Amplifier Performance 
pairs. Again both wires of each pair are soldered together The data shown in the following curves was obtained 
at each end. 


from measurement performed on an engineering model of 
Transformer T4 is a 1:4 ratio unbalanced to balanced the 28 V 160 Watt (PEP) amplifier. 
unit with three separate windings. . | 
A lumped-constant equivalent conventional transformer 
diagram of transformer T4 is shown in Figure 5. The two Veo =28V |. 
windings in a single twisted pair are indicated by similar f= 30,30.001 MHz 
capital and lower case letters (i.e. windings A anda). The | 
output line of the balun is in the same direction as windings 
A and B while the grounded line is in the opposite direction 
from the winding it is connected to. Windings A, a, B and 
b consist of 5 turns of two twisted pairs while C and care 
formed from eight turns of a single pair. Connections are 
shown in Figure 4. The three windings are bifilar wound, | 
although for simplicity the figures do not show this. 
Referring to Figure 5 the equivalent connection diagram 
of T4, it can be seen that the sum of the voltages across c 
and C should be equal to the voltage across windings DE. 
From this, winding cC (a twisted pair) should have twice 


IMD (db) 


Pout (W) PEP | 


FIGURE 6 — IMD asa Function of Output Power 


as many turns as twisted pairs aA and bB. Deviations of for 28 V Amplifier 
about 10-20% from the 2:1 ratio do not produce 
noticeable effects. 


200 W 


(PEP) at IMD-30 dB 
D 
(=) 
= 


Pout Max, 


Vcc (VOLTS) 


FIGURE 7 — Output Power for -30 dB IMD 
asa Function of Vcc for 28 V Amplifier 


FIGURE 5 a Equivalent Lumped Element Form of T4. 
The ferrite core used for T4 in the parts list of Figure 1 


has a specified maximum flux density of about 100 gauss. 
The flux density may be. computed from equation 1. 


Vx 108 


PMNs Ta tan 


gauss ; (1) 


where: 


V = RMS voltage across the winding = 89 
f = frequency in Hertz = 3x 106. 
_n = number of turns (windings Aa and Bb only. 
Windings Cc cancel each other) = 20° 


A = cross sectional area of Toroid in. Cm2 = 0.25 | 
4.44 = 27 x 0.707 ” 
therefore: | 


IMD at Poyt = 160 W (PEP) 


_ 89x 108 Bin ee 
Bmax = 774 (3 x 106) 20 (25) 173 84Uss 


F req uency (MHz) 


Despite this slight overrating, this density is not exces- ; , 
sive. _ = = . FIGURE 8 — IMD versus Frequency 
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Power Gain (dB) 


Total Efficiency (%) 


Input VSWR: 


| ea owen 28 V 
| ea owen = 160 W PEP 
30 


20 


Frequency (MHz) 


mol 


FIGURE 9 — Power Gain versus 
Frequency — 


. Frequency (MHz) 


FIGURE 10 — Total Efficiency versus Frequency 


Frequency (MHz) 


FIGURE 11 — VSWR versus Frequency 


AN 80 WATT (PEP) 12.5 — 13.6 V AMPLIFIER 


To complement the 28 Volt amplifier discussed pre- 
viously, a second amplifier designed for 12 V operation 
was constructed and evaluated. This amplifier is shown in 
Figures 12, 13 and 14. It utilizes a 2N6367 and a pair 
of 2N6368 transistors. The 2N6367 transistor is employed 
as a driver and is specified for up to 9 watts (PEP) out- 
put. In the amplifier design the driver must. supply only 


S watts (PEP) at 30 MHz with a resulting IMD perform- | 
-ance of about -37 to -38 dB. 


At lower operating 
frequencies, drive requirements drop to the 2-3 Watt (PEP) 
range and IMD performance improves to better than 40 dB. 
The 2N6367 data sheet suggests a quiescent collector cur- 
rent of 35 mA, but it was found that increasing this to 
40 mA yielded somewhat better linearity in broadband 
Operation. 

Two 2N6368 transistors are e employed i in ie final stage 


of the transmitter design in a push-pull configuration. | 


These devices are rated at 40 Watts (PEP) and -30 dB 


maximum IMD, although -35 dB performance is more — 


typical for narrow band operation. 

The 2N6368 data sheet suggests a quiescent collector 
current level of 50 mA, but a level of 60 mA for each 
transistor was used in this design for improved linearity. 

Without frequency compensation, the completed ampli- 
fier can deliver 90 Watts (PEP) in the 25-30 MHz band 
with IMD performance down -30 dB. If only the power 


amplifier stage is frequency compensated, 95 Watts (PEP) © 


can be obtained at 6-10 MHz. 


Gain Compensation 


Negative collector-to-base feedback is employed i in both 
the driver and output stages for gain compensation. The 
feedback networks consist of: a) a dc blocking capacitor, 
b) a series resistor, to limit the amount of feedback at the 
low- frequencies and c) a series inductor with a parallel 
resistor to determine the feedback slope. 

_In general, the use of negative feedback lowers the 


input impedance, and reduces the gain of the amplifier. ; 
_ However, it also improves the linearity since some of the 


out put signal is fed back to the input and reamplified, 


‘tending to cancel the distortion originally generated. This | 


is only true at the low frequencies where the phase errors 
are small. The phase error is caused by reactive elements 


inthe feedback path. Since the basis for the compensation... 
is to introduce more feedback at low frequencies, ‘it will 
also- equalize the input impedance to some degree. This, 


in turn, should result in a lower VSWR over the band. 


~The following two tables. illustrate the affect of com- . 
"pensation on the final amplifier stage. This data was taken 
with a 9:1 ratio transformer connected between 50.2 


‘source and the input balun to the final stage. 


- From this table it can be seen that efficiency i is reduced. 


by applying compensation. For this reason. only 3 dB 


of compensation was utilized on the final stage. ‘The driver | 


stage, where efficiency is not of primary concern, was 
actually over compensated. This stage has a gain of 16 dB 
at 30 MHz but only 13 dBat 3 MHz. ~ 
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C1,C014,C18 — 0.1 uF ceramic. 

C2, C7, C13, C20 — 0.001 uF feed eivatigis 
C3 — 100 uwF/3V. 

C4, C6 — 0.033 uF mylar 

C5 — 0.0047 WF mylar. 


C8, C9 — 0.015 and 0.033 uF mylars in parallel. 


C10 — 470 pF mica. 

C11,C12 — 560 pF mica. 

C15 — 1000 wF/3 V. 

C16,C17 — 0.015 uF mylar 

C19 — 10 pF 15 Vv 

C21, C22 — two 0.068 LF mylars in Denali: 
C23 — 330 pF mica 

C24 — 39. pF mica 

C25 — 680 pF mica 

C26 — .01 uF ceramic 


R1,R6,R7 — 10 82, 1/2 W carbon. 
R2 —512, 1/2 W carbon 

R3 — 240 2, 1 wire W 

R4,R5 — 18 92, 1 W carbon 

R8, R9 — 27 81,2 Wecarbon . 

R10 — 33 22,6 W wire W 


ml de 


L1— 0.22 wh molded choke 
L2,L7, L8 — 10 th molded choke 
L5, L6 -- 0.15 wh 
L3 — 25 t, #26 wire, wound ona 100 Q, 2 W resistor. (1.0 wh) 
L4, L9 — 3 ferrite beads each. 


T1— 2 twisted pairs of #26 wire, 8 twists per inch. A.= 4 turns, 
B = 8 turns. Core- -Stack pole 57 -9322-11, Indiana General 
F627-801 or equivalent 


T2 — 2 twisted pairs of #24 wire, 8 twists per inch, 6 turns. 
(Core as above.) 


T3 -— 2 twisted pairs of #20 wire, 6 twists per inch, 4 turns. 
(Core as above.) 


T4 — A and B = 2 twisted pairs of #24 wire, 8 twists per inch. 
5 turns each. C = 1 twisted pair of #24 wire, 8 turns. 


Core - - Stack pole 57-9074-11,; Indiana General F624-1901 
or equivatent. 


Q1 — 2N6367 
Q2, 03 — 2N6368 


D1 — 1N4001 


D2 — 1N4997 J1,J2 — BNC connectors 


FIGURE 12 — Schematic Diagram of 12.5 V Amplifier 


FIGURE 13 — Photo of Top View of 


12.5 V Linear Amplifier 


FIGURE 14 — Photo of Bottom of 12.5 V 
Linear Amplifier 
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TABLE Ii - PERFORMANCE OF 12.5 V OUTPUT STAGE WITH 
_ AND WITHOUT GAIN COMPENSATION 


With Feedback 


- 502. 
Unbalanced 


Balanced 


T4 


FIG UR E 15 ay Transformer Details for 
12.5 V Linear Amplifier 
(See Figure 4) 


single core. 


Transformer T1 consists of two twisted pairs of wires 
which can be wound on either a single or two separate 
toroids. In the two core approach, both windings have an 
equal number of turns (four). ‘If a single core is utilized, 
winding Aa uses four turns while winding Bb uses eight 
turns. These lines must be wound bifilar on the core. See 
Figure 15. The single core approach was used in the 
engineering model. 


’ FIGURE 16 — Equivalent Lumped Element 
_ Form of v1 


A lumped-constant equivalent conventional transformer 
diagram of transformer T1 is shown in Figure 16. Exami- 
nation reveals that since winding B is directly in parallel 
with the series combination of.aA, line Bb must have twice 
the number of turns as winding Aa. (The lower case and 
capital letters refer to the two wires in a given twisted- 
pair). As an example of the voltage relationships for the 
various windings in this transformer, an arbitrary 3 Vinput 
has been shown in the Figure. It can be seen that the 
voltages generated across windings b and Bare out of phase 
and cancel each other. Therefore, the resulting SUPE 
is 1 V(3 V-2 V). . | 

This transformer may be considered a asa combination of 
a 4:1 ratio transformer (aA) anda 1:1 balun DB) where 
the balun performs the woe subtraction. 


Transformer T2 consists of two cwisted pairs ona single 
core. Both wires of each pair are soldered together at each 
end. See Figure 15. 


Transformer T3 also uses two twisted pairs found ona 
Each pair is treated asa single wire by solder- 
ing the two wires at each end. 


Transformer T4 uses three separate bifilar windings on 
a single core. Windings aA and bB are balanced while Cc 
is unbalanced. Both aA and bB utilize five turns and Cc 
uses eight turns. This is the nearest whole number of turns 
possible to the desired ratio of 1:1.5 for winding Aa and 
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Bb to winding cC. Deviations of 10-20% of this ratio are 
allowable without noticeable effects. . . Vec = 12.5 V 
Figure 17 shows the lumped equivalent transformer of reo sUOe LM itz 


IMD (dB) 


Pout (W) PEP 


FIGURE 18 — IMD asa Function of Output 
Power For Push-Pull Linear Amplifier _ 


FIGURE 17 — Equivalent Lumped Element Form of T4 


T4 and the ratio of voltages on the various windings if one 
volt is applied to the input. It can be seen that the voltage 
developed across c and C must equal the voltage between 
points D and E on the diagram. Since windings A and b 
are paralleled and connected to the input, they see one 
volt. Thus the voltage from point D to point E would be 
3 V(1 V from A and b plus 1 V from winding a plus 1 V | 3 
from winding B). Therefore, the output voltage is 3.0 volts 2 i ee Ne 
and the voltage across winding c = -1.5 V and winding Voe (VOLTS) 
C=1.5 V. | | 

When using twisted-pair transmission line transformers, | FIGURE 19 — Maximum Output Power @ 
windings with four or more pairs should be avoided as it. 30: GR IMD welsusViec ford2.o.V 
be a a : : ee Power Amplifier 
is difficult to twist such lines uniformly. 

A second amplifier was evaluated with T4 replaced by 
a balun and an unsymmetrical 1:9 ratio transformer. Per- 


Pout Max (PEP) @ IMD — 30 dB 


formance results were very similar to that obtained from 
the first version except that much more high frequency 
compensation was necessary. This was required because 
it is difficul€ to obtain the low characteristic impedance 
required for the balun. For this reason capacitors CLO, 
Cli, Chl and C25 were unusually large in value. | 


Performance 


Typical performance of the 12.5 volt linear amplifiers 
is provided in the following curves. A calibration curve 
for use to correlate low frequency readings on a power 
meter is also given in Figure 24. oe | 

The harmonic suppression measurements taken at full 
output power levels with a single tone test are illustrated 
in Table Il.. This data suggests that a suitable low-pass 
filter between the amplifier output and the antenna will 


80 W (PEP) 


IMD @ Pout 


be required to meet harmonic suppression requirements. . pred Gency AMET) 


This filter’s necessity is common to most broadband ampli- . 
fier designs. _— . . FIGURE 20 — IMD versus Frequency 
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Power Gain (dB) 


Collector Efficiency (%) 


He 


40 


20 


Batiiimminne 


2.0 | 10. 20 50 


FIGURE 22 = Efficiency versus Frequency 


FIGURE 23 — VSWR versus Frequency 


6. o. 15 20 30 
Frequency, MHz . 
FIGURE 24 — Response of H.P. 431-432 Power 
_ Meters at Low Frequencies 


Transformer Data: | 
As with the 28 V amplifier , transmission line type trans- 
formers are employed throughout the 12 V design. Al- 
though this type of transformer does not provide optimum 
impedance match, it is easy to duplicate for consistant 
performance results. A similar amplifier was constructed 
with a standard 2:1 ratio coupling transformer. instead of 
the 1:1 ratio balun (T2). This amplifier featured a 40-60% 
improvement in VSWR at all frequencies while gain and 
IMD were basically unchanged from the performance of 
the model using transmission line type transformers. 
Splitting the compensating capacitor for transformer 
T2 into three parts (C10, C11 and C12) will result in 
considerably lower IMD at higher frequencies. Capacitors 
C11 and C12 should be well matched and therefore should 
be either +5% or better tolerance fixed value units, or 
variable capacitors such as Arco 466 arid 469. a 
Two factors must be considered in the choice of toroidal. 
core materials. The first is core losses. The-second is the 
power handling capability which is limited by both mag- 
netic saturation and heat generation: ==. 
For the input transformer (T1) core losses are of primary 
concern. For the material chosen in this design, a’ loss 
factor of 1-2 mW/cm3 at 3 MHz is typical. This increases 
to 5-10 mW/cm3 at 30 MHz. For the size of core used in 


T1, a maximum core loss of 1.5-7.0 mW can be expected. 


While this figure seems negligible, it is advantageous to 
use the smallest practical sized core for the input trans- 
former consistent with the wire size and required number 
of turns.  # 

Conversely the core of the output transformer (T4) 
should be as large as possible to be able to handle the 
required power levels and remain in the linear operating 
region of the materials’ B-H curve. If the core is operated | 
near the saturation region of the core material, distortion 


will be generated on the carrier and envelope. This satura- 


tion occurs first at low frequencies. However, core heating 
due to losses is most prevalent at higher frequencies, being 
a function of flux density and operating frequency. The 
maximum recommended flux density fora 1/2” O.D. toroid 
(such as Indiana General F627-8 or Stackpole 57-9322), 
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is 45 to 70 gauss. From the B-H curves it can be seen that 
this is well into the linear region. | 

For the 12-volt amplifier, a flux density of roughly 
180 gauss would be required for a 1/2 O.D. core. Use 
of a larger core reduces the density to about 130 gauss. 
As stated in the 28 V amplifier section, although this is in 
excess of the 100 gauss limit suggested for the particular 
core type, it was not found to be excessive. In fact, some 
of the 1/2’ O.D. toroids were tested at three to four times 
the maximum recommended flux density, and then com- 
pared to a larger toroid of the same material. The distortion 
in each core was small enough not to be noticed in an 
oscilloscope. However, there was some amount of heat 
generated in the small toroid at the high frequencies. Exces- 
sive heating is the primary problem that one should be 
first concerned about. 


As a rule of thumb, the required minimum transformer 
inductance can be determined to have at least 4-5 times 
the reactance of the high impedance port at. the lowest 
operating frequency. This means that for T4, the reactance 
would be 250 ohms, which corresponds to roughly 14 wH 
at 3 MHz 

Employing a different wire size or wire with a different 
thickness of dielectric or changing the number of twists 
per inch will alter the line impedance. However, this is 
one of the least critical points in the design of broadband 
linear amplifiers and will mainly affect the amount of 
high. frequency compensation required. The variations in 
- the transistor input and output impedance over a. decade 
frequency range are several times larger than the changes 
in transformer impedance due to wire sizes or twist vari- 
ations. Although compromises in matching are necessary 
to tune the wide frequency range, they are most serious 
in the output stage where a mismatch can significantly 
degrade total linearity. 

The maximum theoretical free Sue put powers for 
the 28 V and 12.5 V amplifiers would be 120 W and 50 W 
respectively, when 4:1 and 9:1 output transformers are 
employed. 

However, due to stray inductances. in the circuit, and 
line impedances usually being higher than optimum, the 
actual impedance ratios of the transformers. will be 
somewhat higher. 

Thus, if the phase and even iatoiie distortions are 
minimized it is possible to obtain higher power levels with 
fairly low IMD readings despite slight flat-topping of the 
envelope. 


Construction Notes (12:5 V version) | 


The circuit board for both amplifier designs is made of 
_two-sided copper-fiberglass laminate. A full sized pattern 
is given in Figures 25 and 26. The ground planes on each 
side are connected together at several points with the feed- 
through capacitors, the BNC connectors and the mounting 
screws. From experience with an earlier broadband ampli- 
fier, it was learned that a good ground plane is extremely 
important because of the high currents and low impedance 
levels involved. The power supply impedance must be as 
low as possible. 


The ac impedance of the supply should not be higher 
than 0.01 ohm at the lowest envelope frequency. 

All de connections are made on the back side of the 
board which is separated from the heat sink by 3/32 inches. 
The base bias resistors (R3, R10), and all by-pass capacitors, 
except the feed-throughs, are on the back side of the 
board in each end of the heat sink. Diode D2 is press 
fitted into the heat sink for temperature compensation 
of the quiescent collector currents of the 2N6368 tran- 
sistors. Ceramic capacitors have been avoided, except 


for certain by-pass applications, because they have spurious 


resonances and, their capacitance values are voltage and 
temperature sensitive. Parallel capacitors are employed to 
increase the current carrying capability and to decrease 
the possibility of self resonances. The peak RF current in 


FIGURE 25 — Bottom PC Board Pattern 


é LINEAR AMPLIFIER 


FIGURE 26 — Top Side of PC Board 


TABLE It1! — HARMONIC SUPPRESSION versus FREQUENCY 


Harmonic |_| 2nd | ard | ath 


: Frequency 
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the output transformer primary is / 80 W = 3. S4A. Halt 
6.25 Q | 


of this is siipplied by each 2N6368. Thus, the collector . 


isolation capacitors will have to handle 1.77A peak and. 


1.26A average currents. Even the lead sizes in most ca- 
pacitors are insufficient for these current levels. In general, 
the low impedances involved in a 12.5 volt amplifier of 
this power level make the layout, construction and com- 
ponent selection somewhat critical compared to a higher 
voltage unit. 


CONSTRUCTION NOTES (28 V version) 


The 28 volt unit is less critical than the. 12.5 Vampli- © 


fier as far as the physical circuit lay-out is concerned. How- 


ever, the same precautions should be. taken in grounding | 


the by-pass capacitors and the transformer high frequency- 
compensation capacitors. It is recommended that variable 
capacitors, such as the ARCO 460 line be used initially 
for the compensating capacitors. Then after establishing 
satisfactory operation of the unit, they can be changed to 
fixed value capacitors. | 


IMPROVED PERF ORMANCE 

Since the original work on these amplifiers, devices im- 
provements have been made. Both IMD and load mis- 
match ruggedness characteristics can be enhanced by sub- 
stituting the MRF463 or MRF464 for the 2N5942 in the 
28-Volt amplifier. The MRF460 is recommended for up- 
grading the 12-Volt amplifier using the 2N6368. Neither 
of these new devices require circuit modifications for 
opamium operation. 
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IMPEDANCE MATCHING NETWORKS 
APPLIED TO RF POWER TRANSISTORS 


Prepared by: 
B. Becciolini 


1. INTRODUCTION 


Some graphic and numerical methods of. imped- 
ance matching will be reviewed here. The examples 
given will refer to high frequency power amplifiers. 

Although matching networks normally take the 
form of filters and therefore are also useful to 
provide frequency discrimination, this aspect will 
only be considered as a corollary of the matching 
circuit. 

Matching is necessary for the best possible energy 
transfer from stage to stage. In RF-power transistors 
the input impedance is of low value, decreasing as 
the power increases, or as the chip size becomes 
larger. This impedance must be matched either to a 
generator — of generally 50 ohms internal impedance 
— or to a preceding stage. Impedance transform- 
ation ratios of 10 or even 20 are not rare. Interstage 
matching has to be made between two complex 
impedances, which makes the design still more diffi- 
cult, especially if matching must be accomplished 
over a wide frequency band. 


2. DEVICE PARAMETERS 
2.1 INPUT IMPEDANCE 


The general shape of the input impedance of RF- 
power transistors is as shown in Figure 1. It is a large 
signal parameter, expressed here by the parallel 


combination of a resistance Ro and a reactance Xp 
(Ref. (1)). 


Fig. 1 — Input impedance of RF—power transistors as 
a function of frequency 


The equivalent circuit shown in Figure 2 accounts 
for the behaviour illustrated in Figure 1. 


With the presently used stripline or flange pack- 
aging, most of the power devices for VHF low band 


will have their Rp and Xp values below the series 


resonant point fs. The input impedance will be 


_ essentially capacitive. 


Where: 
Re = emitter diffusion resistance 


“OE: Cre = = diffusion and transi- 
tion capacitances of 


; the emitter junction 
Rep'= base spreading resistance 
Ce = package capacitarre 


Ls = base lead inductance 


Fig. 2 — Equivalent circuit for the input impedance of 
RF-power transistors. 


Most of the VHF high band transistors will have 


‘the series resonant frequency within their operating 


range, i.e. be purely resistive at one single frequency 
fs, while the parallel resonant frequency fp will be 
outside. 

Parameters for one or two gigahertz transistors will 
be beyond fs and approach fp. They show a high 
value of Rp and Xp with inductive character. 

A parameter that is very often used to judge on the 
broadband capabilities of a device is the input Q or 
Qin, defined simply as the ratio Rp/Xp. Practically 
Qin ranges around 1 or less. for VHF devices and 
around 5 or more for microwave transistors. 

Qin is an important parameter to consider for 
broadband matching. Matching networks normally - 


are low-pass or pseudo low-pass filters. If Qjyy is 


high, it can be necessary to use band-pass filter type 
matching networks and to allow insertion losses. But 
broadband matching is still possible. This will be 


discussed later. 


2.2. OUTPUT IMPEDANCE 


The output impedance of the RF-power transis- 
tors, as given by all manufacturers’ data sheets, 
generally consists of only a capacitance COUT. The 
internal resistance of the transistor is supposed to be 
much higher than the load and is normally neglected. 
In the case of a relatively low internal resistance, the 
efficiency of the device would decrease by the factor: 


ie PER 
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where R_is the load resistance, seen at the collector- 
emitter terminals, and Ry. the internal transistor 
resistance equal to: 

et ee eee 

Wy (Cre Spe! 


defined as a small signal parameter, wneles 
= transit angular frequency , 
ot + Coc = transition:and diffusion capacitances 
at the collector junction 
The output capacitance COUT, which is a large 
signal parameter, is related to the small signal para- 


meter Ccp, the collector-base transistion capa- 
citance. 


Since. a junction eapacianee:: varies with the . 


applied voltage, Court differs from Ccp in that it has 

to be averaged over the total voltage swing. For an 
abrupt junction and assuming certain simplifications, 
Cout = 2 Ccp. 

Figure 3 shows the variation of CouT with 
frequency. CogutT decreases partly due to the 
presence of the collector lead inductance, but mainly 
because of the fact that the base-emitter diode does 
not shut off anymore when the operating frequency 
approaches the transit frequency ae 


Fig. 3 ~ Output capacitance Coy7y as a function 


’ of frequency 


3. OUTPUT LOAD 


In the absence of a more precise indication, the 
output load Re is taken equal to: 


a. _ Lvec—Vce (sat) J" 
ss Pout 


with VCE (sat) equal to 2 or 3 volts, increasing with 
frequency. 

The above equation just expresses a well-known 
relation, but also shows that the load, in first approx- 
imation, is not related to the device, except for VCE 
(sat). The load value is primarily dictated by the 
required output power and the peak voltage; it is not 
matched to the output impedance of the device. 


At higher frequencies this approximation becomes 
less exact and for microwave devices the. load that 
must be presented to the device is indicated on the 
data sheet. This parameter will be measured on all 
Motorola RF-power devices in the future. 


Strictly speaking, impedance matching is accom- 
plished only at the input. Interstage and load 
matching are more impedance transformations of the 
device input impedance and of the load into a value 
R,. (sometimes with additional reactive component) 
that depends essentially on the power demanded and 
the supply voltage. 


4. MATCHING NETWORKS 


In the following, matching networks will be 
‘described by order of complexity. These are ladder 
type reactance networks. ; 

The different reactance values will be calculated 
and determined graphically. Increasing the number 
of reactances broadens the bandwidth. However, 
networks consisting of more than four reactances are 
rare. Above four reactances, the improvement is 
small. 


4.1 NUMERICAL DESIGN 
4.1. 1 Two- Resistance Networks 


Resistance terminations will first be considered. 
Figure 4 shows the reactive L-section and the 
terminations to be matched. 


Fig. 4 — Two-—Reactance. Matching Network 


Matching or exact transformation from Ro into Ry — 
occurs at a single frequency fo: 


At Vs Xx, and Xo are equal to: 
R . 
2 - 1 
X, =+£R R 
1 1 R, —R, Tvn—-1 
‘Sey Zz Vn—1 
X, =F R, (Ry — R,) = R, = 


Xz; and X2 must be of opposite sign. The shunt 
reactance is in parallel with the larger resistance. 


The frequency response of the L-section is shown 
in Figure 5, where the. normalized current is plotted: 


asa function of the normalized frequency. 


if x4 is capacitive and consequently Xo inductive, | 
then: 


fo 2 _ fo 1 
rae a R, Rg. f Be : 
f Vn — 1 
=— ses = ‘ ‘ nie 
and Xo fo ¥ Ry IR, Ro) Ry 
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The normalized current absolute value is equal to: 


ee i ee ee 
bel 


| ee a SR 2 eR 
Ol a AR) GP 26 +(n+1) 
oy, Bie Hat : oat Oo . 
E 
where | =a , and is plotted in Figure 5 (Ref. (2) ). 


Fig. 5 — Normalized frequency response for the 
L—section jin low—pass or high-pass form 


If X41 is inductive and consequently X92 capacitive, 
the only change required is a repacement of f by fo 
and vice-versa. The L-section has low pass form in 
the first case and high-pass form in the second case. 


The Q of the circuit at fy is equal to: 


For a given transformation ratio n, there is only one 
possible value of Q. On the other hand, there are two 
ST ineuied solutions for the network, that can be 
either a low-pass filter or a high-pass filter. 
The frequency fg does not need to be the center 
frequency, 1 + fa, 4 fo, of the desired band limited my ty 


and fo. i a 


In fact, as can be seen from the low-pass con- 
figuration of Figure 5, it may be interesting to shift fo 
toward the nige mae edge frequency fp to obtain a 
2 (f +f 9) 


as 


larger bandwidth w, where Ww = 


This will, however, be at the expense of poorer 
harmonic rejection. 


Example: 
For a transformation ratio n = ='4 it can be deter- 
mined from the above relations: 


Bandwidth w ae 0.1 0.3 
Max insertion losses 0.025. 0.2 
X1/R4 1.730 1.712 


lf the terminations Rj and R2 have a reactive com- 
ponent X, the latter may be taken as part of the 
external reactance as shown in Figure 6. 


Tables giving reactance values can be found in 
Ref. (3) and (4). 


4.1.1.1 Use of transmission lines and inductors 


In the preceding section, the inductance was 
expected to be realized by a lumped element. A 
transmission line can be used instead (Fig 7). 


Fig. 7 — Use of a transmission line in the -L—section 


As can be seen from the computed selectivity 


curves (Fig. 8) for the two configurations, trans- 


mission lines result in a larger bandwidth. The gain is 
important for a transmission line having a length 
L=2/4 (@=90°) anda characteristic impedance 
Zo =) Ry. Ro. it is ‘not “Significant for lines short 
with respect to A /4. “One will notice that there is an 
infinity of solutions, one for each value of C, whee 
using transmission lines. 


4.1.2 Three-reactance matching networks 


The networks which will be investigated are shown 
in Figure 9.. They are made of three reactances 
alternatively connected in series and shunt. 
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a three-reactances configuration allows to make Network (a): 
t i i it n- 
he quality er of the circuit and the transform om 2 R,/O O must be first selected 
_ ation ratio n = = independent of each other and | wee 
1 7 ig 
consequently to choose the selectivity between Xo = Ra 9 a 
~ certain limits. . (O°+1) —-— . 
For narrow band designs, one can use_ the Ro 
following formulas (Ref. (5) AN-267, where tables are - OR.+(R_R x ). 
_ ; 1 1 2° C2 
given): Se = Aer wee 
. Q +1 


Lee eee eee 
oN 

PRR AES 
iz 


| Es 

Ree eeR Aree ees 

ofA te ANS 
Paneey 


INS 


Transformation ratio n = 10 


Fig. 8 — Bandwidth of the L—section for n = 10 
(a) with lumped constants 
(b) with a transmission line ( d/4) 
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Three—reactance matching networks - 


Network (b) : O must first be selected 
Xi = RO 
Xx = R_.B A = R, (1+ a? ) 
L2 i 1 = 
- ; : 
= B= /—-1 
Xc1” O48 Ro 
Network (c) : | 
X _=QR O must first be selected 
Le 
cr aoa: 
- B 
Xco1 ~ O-A 


_The network which yields the most practical com- 


ponent. values, should be selected for a given 
application. log a re og 

The three-reactance networks can be thought. of 
as being formed of a L-section (two reactances) and 
of a compensation. reactance. The 
essentially performs the impedance transformation, 
while the additional reactance compensates for the 
reactive part of the transformed impedance over a 
certain frequency band. 

Figure 10 shows a representation in the Z-plane of 
the circuit of Figure 9 (a) split into two parts 
R1-C4-L4 and C9-R2. 

Exact transformation from Rj into Ro occurs at the 
points of intersection M and N. Impedances are then 
conjugate or Z’= R’ + jX’ and Z’= R” + jX” with R’=R”’ 
and X’=—X". 

The only possible solution is obtained when X’ and 
-X" are tangential to each other. For the dashed 
curve, representing another value of Ly or Cy, a 
wider frequency band could be expected at the 
expense of scme ripple inside the band. However, 
this can only be reached with four reactances as will 
be shown in section 4.1.3. 


L-section — 


‘simultaneously obtain the 


With a three-reactance configuration, there are not 
enough degrees of freedom to permit X’=—X” and 
same variation of 
frequency on both curves from M’ to point N’. 


Ry 


1+ w? Ry? cf 


Fig. 10 — 2Z-plane representation of the circuit of Fig. 9 (a) 


Exact transformation can, therefore, only be - 


obtained at one frequency. 


The values of the three reactances can be calcu- | 
ee bem ee ea pat ee ae OO 3k, Ge 
lated by making X' = ‘ ; a = R”’ and aR’ dR": 

The general solution of these equations leads to 
complicated calculations. Therefore, computed 
tables should be used. | 

One will note on Figure 10 that the compensation 
reactance contributes somewhat to ‘impedance 
transformation, i.e. R’ varies when going from M to 
R92. 

The circuit of Figure 9 (b) is dual with respect to 
the first one and gives exactly the same results in a 
Y-plane representation. 

Circuit of Figure 9 (c) is somewhat different since 
only one intersection M exists as shown in Figure 11. 
Narrower frequency bands must be expected from 
this configuration. The widest band is obtained for 
Cy = ©. ‘ 

Again, tf one of the terminations has a reactive 
component, the latter can be taken as a part of the 
matching network, provided it is not too large (see 
Fig. 6). 
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ofc ?r jee, 


ee eee es he Ee 
1+ oc ?R? 2c.2 


14+W C, Ry 


Sree Ro _ jo, 


= + jw, — : 
Re +OF Le 2 Re rOr 


‘Seven e Bhs (WkR, — G") V 1/G"R, - 1 


ay 2 
k= ly/ CR, 


Fig. 11 — Y—plane representation of the circuit of fig; 9 (c) 


4.1.3 Four-reactance networks 


Four-reactance networks are used essentially for 
broadband matching. The networks which will be 
considered in the following consist of two two- 
reactance sections in cascade. Some networks have 
pseudo low-pass filter character, others band-pass 
filter character. In principle, the former show 
narrower bandwidth since they extend the 
‘Impedance transformation to very low frequencies 
unnecessarily, while the latter insure good matching 
over a wide frequency band around the center 
frequency only (see Fig. 14). 


Fig. 12 ~— Four-reactance networks 


The two-reactance. sections used in above 
networks have either transformation properties or 
compensation properties. Impedance transformation 
is obtained with one series reactance and one shunt 
‘reactance. Compensation is made with both 
‘reactances in series or in shunt. 

If two cascaded transformation networks are used, 
transformation is accomplished partly by each one. 

With four-reactance networks there are’ two 


frequencies. fj and fj, at which the transformation 
from R41 into Ra is exact. These frequencies may also 
coincide. - 

For network (b) for instance, at point M, Ry or Ro 
is transformed into \RyR2 when both frequencies 
fall together. At all points (M), 21 and Z9 are 
conjugate if the transformation is exact. 

In the case of Figure 12 (b) the reactances are 
easily calculated for equal frequencies: 


eek Mg mt 
1 Ment 2 OY =X > eR REX x 
| oa G2 88 
R, R, 


For network (a) normally, at point (M), 2, and Z9 
are complex. This pseudo low-pass filter has been 
computed elsewhere (Ref. (3)). Many tables can be 
found in the literature for networks of four and more 
reactances having Tchebyscheff character or maxi- 
mally-flat response (Ref. (3), (4) and (6)). 

Figure 13 shows the transformation path from Ry 
to Ro for networks (a) and (b) on a Smith-Chart (refer 
also to section 4.2, Graphic Design). | | 

Case (a) has been calculated using tables 
mentioned in Ref. (4). <a. 

Case (b) has been obtained from the relationship 
given above for Xj... Xq. Both apply to a trans- 
formation ratio equal to 10 and for Rj y= 1. 


normalised imp. . 


0.28 + j0.45 
a2 normalised adm. 


(1 - j1.6) 


Q, 0.1 + j0.16 
(2.8 — j4.5) 


; 0.1 + jOlt47 
_ ' (0.316 — /j4.65) 
wT y- 


(2.8 + j1.4) 


a 0,316 — j0.465 
2 (1 + j1.47) 


= 0.624 X3°= 0.169 (b) X’, = 0.68 
( 


( 
=16 B= 59 BY, = 1.47 
= 0.59 X4 = 0.160 Xo = 0.465 ha 


x X4 Xo X4 


ig. 13 — Transformation paths for networks (aj and (b) 
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There is no simple relationship for X’4 .. . X’q of 
network (b) if f; is made different from y for larger 
bandwidth. 

Figure 14 shows the respective bandwidths of net- 
work (a) and (b) for the circuits shown in Figure 13. 


14 — Selectivity curves for networks (a) and 
(b) of Fig. 13 


lf the terminations contain a reactive component, 
the computed values for X1 or Xq may be adjusted to 
compensate for this. beans 

For configuration (a), it can be seen from Figure 
13, that in the considered case the Q's are equal to 
1.6. 

For configuration (b} Q! 1, which is equal to Q’ 2, is 
fixed for each transformation ratio. 


The maximum value of reactance that the termin- 


ations may have for use in this configuration can be 


determined from the above values of Q’. 

If R1 is the load resistance of a transistor, the 
internal transistor resistance may not be equal to Rj. 
In this case the selectivity curve will be different from 
the curves given in Figure 14. Figure 15 shows the 
selectivity for networks (a) and (b) when the source 
resistance Rj is infinite. 


‘rel. atten. p | | | paid sled apesbes| 
PPP ar 
Soe SY 


8.9 1 1.1 1.3 1.5- 
75 ~ Selectivity curves for networks fa) and (b) — 


of Fig. 13 with infinite Ry 


t 


From Figure 15 it can be seen that network (a) is 
more sensitve to Ry changes than network (b). 

As mentioned earlier, the four-reactance network 
can also be thought of as two cascaded two- 
reactance sections; one used for transformation, the 
other for compensation. Figure 16 shows commonly 
used compensation networks, together with the 
associated L-section. 


The circuit of Figure 16 (a) can be compared to the 
three-reactance network shown in Figure 9 (c). The 
difference is that capacitor Co of that circuit has been 
replaced by a L-C circuit. The resulting improvement 
may be seen by comparing Figure 17 with Figure 11. 


compensation network 


wees, 


Ry = = aR 


pach j 


16. ~ Compensation networks used with a L—section 


i (GL ,—1/WC,) 

0 2) oe ae Bo 

R; (GL -1/02 4) R, + (WL,—1/WC,) 
R 


© ar Wer at 
Ro + L “R 


2 


Fig. 17 -- Y—plane representation of the circuit of Fig. 16 (a) 
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By adding one reactance, exact impedance trans- 
formation is achieved at two frequencies. It is now 
possible to choose component values such that the 
point of intersection M' occurs at the same 
frequency f1 on both curves and simultaneously that 
N’ occurs at the same frequency f2 on both curves. 


Among the infinite number of possible intersections, 


only one allows to achieve this. 


When M’ and N’ coincide in M, the new 


dX’ dX” 
condition | . df df. 
can be added to the condition xX’ = oa (for three- 
networks) and similarly R’=R’’ and | dR’ _dR”. : 


df df 


alt fy is made’ different from fo, a saraet bandwidth. 

can be achieved at the expense of some Hip le inside 
the band. 
» Again, a denier solution of the above NauntOne 
leads to still more complicated calculations than in 
the case of three-reactance networks. Therefore, 
tables are preferable (Ref. (3), (4) and (6)). 

The circuit of Figure 16 (b) is dual of the circuit of 
of Figure 14 (a) and does not need to be treated 
separately. It gives exactly the same results in the 
Z-plane. Figure 16 (c) shows a higher order compen- 
sation requiring six reactive elements. | 


.- The above discussed matching networks 


employing compensation circuits result in narrower. 


bandwidths than the former solutions (see para- 
graph 4.1.3) using two transformation sections. A 
matching with higher order compensation such as in 


Figure 16 (c) is not recommended. Better use can be 


made of the large number of reactive elements using 
them all for. transformation. 
When the above configurations are neaned using 
short portions of transmission lines, the equations or 
the usual tables no longer apply. The calculations 
must be carried out on a computer, due to the 
complexity. However, a graphic method can be used 
(see next section) which will consist essentially in 
tracing a transformation path on the Z-Y-chart using 
the computed lumped element values and. replacing 
it by the closest path obtained with distributed. con- 
stants. The bandwidth change is not significant as 


long as short portions of lines are used (Ref. (13)). — 


4.1.4 Matching networks using quarter-wave 
transformers 


At sufficiently high frequencies, where A /4-long 
lines of practical size can be realized, broadband 
transformation can easily be accomplished by the 
use of one or more A/4-sections. 

Figure 18 summarizes the main relations for (a) 
one-section and (b) two-section. transformation. 


Fig. 18— Transformation networks _ using V4—long 
— transmission lines 


A idl abensation neevork can. be ‘realized reams 
a A/2-iong transmission line. 

Figures 19.and 20 show the eeleciuny curves for 
different transformation ratios and section numbers. 


: A/a 
79 — Selectivity curves for two \/g--section networks 
at different transformation ratios 


Fig. 20 -— Selectivity curves for one, two and three 


\/g—sections 


Exponential lines 


Exponential lines have eicely frequency indepen- 
dent transformation properties. 
The characteristic impedance of such lines varies 


exponentially with their length |: 


Z=z..e%t 
1) 


where. k is a constant, 
but these properties are preserved ‘only if k is ; small 
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4.1.5 Broadband matching using band-pass filter 
type networks. High Q case. 


The above circuits are applicable to devices having 
low input. or output Q, if broadband matching is 
required. Generally, if the impedances to be matched 
can be represented for instance by a resistor R in 
series with an inductor L (sometimes a capacitor C) 
within the band of interest and if L is sufficiently low, 
the latter can be incorporated into the first inductor 
of the matching network. This is also valid if the 
representation consists of a shunt combination of a 
resistor and a reactance 

Practically this is feasible for Q's around one or 
two. For higher Q’s or for input impedances 
consisting of a series or parallel resonant circuit (see 
Fig. 2), as it appears to be for large bandwidths, a 
different treatment must be followed. 

Let us first recall that, as shown by Bode and Fane 
(Ref. (7) and:(8)), limitations exist on the impedance 
matching of a complex load. In the example of Figure 
21, the load to be matched consists of a capacitor C 
and a resistor R in shunt. 


Matching 
Network 


(losstess) 


Fig. 21 — General matching conditions 


The reflection coefficient between transformed 
load and generator is equal. to: 


I’ = 0, perfect matching, 


I’ = 1, total reflection. 


The ratio of reflected to incident power is: 


The fundamental limitation on the matching takes 
the form: 


wil 
: In (= da <2 


GW=O 


‘and is represented in Figure 22. 

The meaning of Bode equation is that the area S$ 
under the curve cannot be greater than cand there- 
fore, if matching is required over a_ certain 
bandwidth, this can only be done at the expense of 
less power transfer within the band. Thus, power 


Bode equation 


Fig. 22 — Representation of Bode equation 


transfer and bandwidth appear as interchangeable 
quantities. 

It is evident that the best litilization of the area S is 
obtained when [r| is kept constant over the 
desired band w¢> and made equal to 1 over the rest of 


the spectrum. Then|f|=e “cRC — within the band 
and no power transfer happens outside. 

A network fulfilling this requirement cannot be 
obtained in practice as an infinite number of reactive 
elements would be necessary. 

If the attenuation a is plotted versus the acne: 
for practical cases; one may expect to-have curves 
like the ones shown in Figure 23 for a low- pass filter 
having Tchebyscheff character. 


Fig. 23 — Attenuation versus angular frequency for 
different bandwidths with same load 


For a given complex load, an extension of. the 
bandwidth from wy to wos is possible only with a 
simultaneous increase of the attenuation a. This is 
especially noticeable for Q’s exceeding one or two 
(see Figure 24). 

Thus, devices having relatively high input Q’s are 
useable for broadband operation, provided the 
consequent higher attenuation or reflection intro- | 
duced is acceptable. 

‘The general shape of the average insertion pore 


"or attenuation a (neglecting the ripple) of a low-pass 


impedance matching network is’ represented in 
Figure 24 as a function of 1/0 for different numbers 
of network elements n (ref. (3)). 


1. 1/2 


Fig. 24 — Insertion losses as a function of 1/Q — 
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For a given Q and given ripple, the attenuation 
decreases if the number n of the network elements 
increases. But above n = 4, the improvement is 
small. i 

For a given attenuation a and bandwidth, the 
larger n the smaller the ripple. 

For a given attenuation and ripple, the larger n ‘the 

larger the bandwidth. 
_ Computations show that for Q <1 andn <« <3 the 
attenuation is below 0.1 db approximately. The 
impedance transformation ratio is not free here. The 
network is a true low-pass filter. For a given load, the 
optimum generator impedance will result from the 
computation. 

Before impedance transformation. is ; introduced, a 
conversion of the low-pass prototype into a 
band-pass filter type network must be made. Figure 
25 summarizes the main relations for this conversion. 


Qa = 
IN: max ww? ia 

Wy Ly’ 1 
Qin max = R = 5 

: , *o ee ee a,* Co 


Fig. 25 — Conversion from low—pass into band—pass filter 


_t is the conversion: factor. 
For the band-pass filter, Qin max or the maximum 


; possible input Q of a device to be matched, has been | 


increased by the factor r (from nigtte 25, O' ip max 
= T.QiN max): 

Impedance inverters will be tised for impedance 
transformation. These networks are suitable for 
insertion into a band-pass filter without affecting the 
“transmission characteristics. . . 

Figure 26 shows four impedance inverters. It will 
be noticed that one of the reactances is negative and 
must be combined in the band-pass network with a 
reactance of at least.equal positive value. Insertion of 
the inverter can be made at any convenient place 
(Ref. (3) and (9)):. | 

When using the band-pass filter for matching the 
input impedance of a transistor, reactances L’, C’4 
should be made to resonate at Wo by addition of a 
convenient series reactance. 

As stated above, the series combination of Ro, L’y 
and C’; normally constitutes the equivalent input 
network of a transistor when considered over a large 
bandwidth. This isa a good approximation up to about 
500 MHz. 


Inverter Equivalent to: 


b) Tics ie 


LUV=-1/n) L(1/n2-1/n) 


Fig 26 — Impedance inverters 


In practice the normal procedure for using a band- | 
pass filter type matching network will pe the 


- following: 


(1) For a given bandwidth, center frequency and 
input impedance of a device to be matched e.g. 
tc 50 ohms, first determine Qiy’ from the data 


sheet as after having eventually added a 


O 
series reactor for centering, 


(2) Convert the equivalent circuit Rol,’ C7’ intoa 
low-pass prototype Ro L1 and calculate QIN 
using the formulas of Faure 25, 


(3) Determine the other readtancs values from 
tables (Ref. (3)) for the desired bandwidth, 


(4) Convert the element values found by ‘step (3). 
into series. or parallel” resonant » circuit para- © 
-meters, . 


(5) ingerk the impedance inverter in any convenient 
place. 


In the above discussions, the gain roll-off has not 
been taken into account. This is of normal use for 
moderate bandwidths (30% for ex.). However, 
several methods can be employed to obtain a 
constant gain within the band despite the intrinsic 
gain decrease of a transistor with frequency. 

Tables have been computed elsewhere (Ref. (10)) 
for matching networks approximating 6 db/octave 


_attenuation versus frequency. 


Another method consists in using the above 
mentioned network and then to add a compensation. 
circuit as shown for example in Figure 27. 
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= Zin = constant vs. f. 
LyCy = byCy 
R; = R 
2 = WLyCy = WLoCo 
(high band edge) 
Q) = “pLo/R = Qy = 
WC1R 


Fig. 27 — Roll—off compensation network 


Resonance wh is placed at the high edge of the 
frequency band. Choosing O correctly, roll- off can be 
made 6 db/octave. 


The response of the circuit shown in Figure 27 is 
expressed by: 


1 


“where w<w 
Bo. BS b 
1+Q ae ——) 
Ow 
This must be equal to 5 = ~ for 6db/octave compen- 


sation. o. 


At the other band haeice a, exact eompehsaron can 


be obtained if: Wr. 
(a2 
a) 
eG : Ww 
a ples 
“4 re 


4.1.6 Line Transformers 


The broadband. properties of line transformers 
make them very useful in the design of broadband 
impedance matching networks (Ref. (11) and (12)). 

A very common form is shown by Figure 28. This is 
a 4:1 impedance transformer. Other transformation 
ratios like 9: 1 or 16: 1 are also often used but will 
not be considered. here. 


Fig. 28 — 4:1 line transformer 


The high frequency cut-off is determined by the 
length of line which is usually chosen smaller than 
A min/8. Short lines extend the high frequency 


‘performance. 


The low frequency cut-off is determined first by 
the length of line, long lines extending the low 
frequency performance of the transformer. Low 
frequency cut-off is also improved by a high even 
mode impedance, which can be achieved by the use 
of ferrite material. With matched ends, no power is 
coupled through the ferrite which cannot saturate. 

For matched impedances, the high frequency 
attenuation a of the 4 : 1 transformer is given by: 


_ (1+3 cos 2 ae 4 dc on| x 


A + cos 2! /n)* 
For | = /4,a = 1.25 0r 1 db ; for | = /2,a=00 


The characteristic impedance of. the line trans- 
former must be equal to: 


Zo = VRg.R 


Figures 29 and 30 show two different realizations 
of 4: 1 transformers for a 50 to 12.5 ohm-trans- 
formation designed for the band 118-136 MHz. — 

The transformers are made of two printed circuit 
boards or two ribbons stuck together and connected 


‘as shown in Figures 29 and 30. 


Epoxy 0.2mm thick 


fp TTT 3 ‘ 
‘ 


TT 1 OY LLL ; 
eee eel é ‘omamnameormacensreecrss ie 


Fig. 29.— 4:1 line transformer on p.c. board 
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until another end impedance (or admittance) is 
reached. 
Impedance chart and admittance chart can be super- 
imposed and used alternatively due to the fact that 
~an immittance point, defined by its reflection coefficient 
I with respect to.a reference, is common to the Z-chart 
‘and the Y-chart, both being representations in the 
_T'-plane. Z 


pa Gsr¥ ) : : 1. Characteristic 


Line transformer on.p.c. board (Fig. 29} 
, , G,+Y s G, ~ impedance of the line 


More precisely, the Z-chart is a plot in the I -plane, 
. while the Y-chart is a plot in the —T’ -plane. The change 
Ribbon thickness ‘from the F to —I -plane is accounted for in the con- 
Electrical tape struction rules given below. 
_{solation’ _ bce ait Paracel NOG SRRANIER I? ~ Figure 31 and 32 show the representation of normal- 


Isolation | . ized Z and Y respectively, in the I" -plane. 


- Ferrite | 


“capacitive 
x<o 

- Stick one ribbon (1.5mm wide) against the other (2.5) 

- Total length per ribbon 9cm. . 

Turns : 3.5 


Fig. 30 -- 4:1 copper ribbon line transformer with ferrite 


. Rectangular coordinates 


Line transformer on ferrite (Fig. 30) 


Radius :1/(1 e ro 


r circles 


4.2 GRAPHIC DESIGN | | cone ty = Ge. 


The common method of graphic design makes use . Radius : 1/x 
of the Impedance-Admittance Chart (Smith Chart). * wend +S: 7 
It is applicable to all ladder-type networks as | EPS aT 
encountered in matching circuits. | bo ots « Bee - es, 
Matching is supposed to be realized by the suc- _.. Fig..31 — Representation. of the normalized Z values 
cessive algebraic addition of reactances (or suscept- | | inthes. Faplenes:.e 


ances) to a given start impedance (or admittance) 
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Capacitive 


En’ GES E ’ Rectangular coordinates 
1+9)°+b ese eh fi Ha Nene SCR 


> W149) 


Radius 
Q circles . 
Center at: Y, = —g/(1+9): ; =.0 


Radius : 1/b 
b circles 


Center at : Y =-1.% =-1b 


Fig. 32 — Representation of the normalized Y—values 


in the T— plane 


The Z-chart is used for the algebraic addition of 
series reactances. The Y-chart is used for the alge- 
braic addition of shunt reactances. . 

For the practical use of the charts, it is convenient 
to make the design on transparent paper and then 
place it on a usual Smith-chart of impedance type (for 
example). For the addition of a series reactor, the 
chart will be placed with ‘‘short’’ to the left. For the 
addition of a shunt reactor, it will be rotated by 180° 
with ‘short’ (always in terms of impedance) to the 
right. a son 

The following design rules apply. They can very 
easily be found by thinking of the more familiar Z and 
-Y representation in reactangular coordinates. 


For joining two impedance points, there are a 
infinity of solutions. Therefore, one must first decide 
.on the number of reactances that will constitute the 
matching network. This number is related essentially 
to the desired bandwidth and the transformation 
ratio. folate eee ok 


Addition of sea 
fz 


Using curve 
of constant 
xX % 


series R - open. 
(in terms of 
admittance) 
series G short 
(in terms of 


admittance) 


ccWw 


1 
j zeae 
series C ( a) 


shunt C (+jwC) 


series L (+ jaoL) 


h + ——— 
shunt L ( ioe 


Secondly, one must choose the operating QO of the 


circuit, which is also related to the bandwidth. Q can 
be defined at each circuit node as the ratio of the 


reactive part to the real part of the impedance at that 
node. The O of the circuit, which is normally referred 
to, is the highest value found along the path. 
Constant Q curves can be superimposed to the 
charts and used in conjunction with them. In the 
I’ -plane, Q-curves are circles with a radius equal to 


\fl a and a center at the point + il on the 
Q | .— 
imaginary axis, which is expressed by: 
2Y. 
_xX_ ] 2 1a2 1 
ese ot lp. eg ee 
vagal Ree 7 Q 


The use of the charts will be illustrated with the 
help of an example. 
The following series shunt conversion rules also 


apply: 


Pe) 
tl 
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Fig. 33 —. Narrow- band VHF power amplifier 


Figure 33 shows the schematic of an. amplifier 
using the 2N5642 RF power transistor. Matching has 
to be achieved at 175 MHz, on a narrow band basis. 

The rated output power for the device in question 
is 20 W at 175 MHz and 28 V collector supply. The 
input impedance at these conditions is. equal to 2.6 
ohms in parallel with -200 pF (see data Sheet). This 
- converts to a resistance of 1.94 ohms in series with a 
reactance of 1.1 ohm. 


The collector load must be equal to: 


[ Vec — Vee iad (283)? . 
oo or =_»Ss— 15.6 oh mss. 
2xP — 40 


out 


The collector capacitance given by the data sheet 
is 40 pF, eolieepeneine toa eepacive reactance of 
22.7 ohms. 

The output impedance seen by thie collector to 
insure the required output power and cance| out the 
collector capacitance must be equal to a resistance 
of 15.6 ohms in parallel with an inductance of 22.7 
ohms. This is equivalent to a resistance of 10.6 ohms 
in series with an inductance of 7.3 ohms. 

The input Q is equal to, 1.1/1.94 or 0.57 while the 
output Q is 7.3/10.6 or 0.69. 

It is seen that around this frequency, the device 
has good broadband capabilities. Nevertheless, the 
matching circuit will be designed here for a narrow 
band application and the effective Q will be 
determined by the circuit itself not by the device. 

Figure 34 shows the normalized impedances (to 
50 ohms). 


Normalized input impedance Load impedance 


Fig. 34 — Normalized input and output impedances 
for the 2N5642 


Figure 35 shows the diagram used for the graphic 
design of the input matching. circuit. The circuit O 
must be larger than about 5:in.this case.and has. been 


- chosen equal to 10. At Q = 5, Cz would be infinite. 


The addition of a finite value of C1 increases the 
circuit Q and therefore the selectivity: The normal- 
ized values between. brackets. in ae es are 
admittances (g +. jb). 


Atf = 175MHz, the following cdi are obtained: 
wL, = 50x. = 50 (0.39 — 0.022) = 18.5 ohms Oo 

3 3 -L. = 16.8nH 

3 
1 
we (2.5 — 0.42) = 0.0416 mhos 

2°50 °2" | 1. Cy = 37.8 pF 
Ne eo 50 . 1.75 = 87.5 ohms _ 
we, 1 So OC) 310.4 pF 


1 
Figure 36 shows the diagram for. the output circuit, 


designed in a similar way. 


Here, the results are ( f = ‘175MHz y: 


L, =50.x, =50. (0.4 + 0.146) = et 
nee = 47248 nH 


1 1 
h a 
we, = 50 be 50° 1.9 = 0.038 m Os” Ss 


The circuit Q at the output is equal to 1 9. 


= 34.5 pF 


Parallel “capacitance Cy 


= 


ce -6,039+j0.39 

ae (0.25-j2.5) 

Se 14j1.75 
(0.25 - j0.42) 


/ ‘series 
/ / inductance Ls 

: (x3) series 
capacitance Cc, 


(x ? 
0.039 + j0.022 1+j0 


Fig. 35 — Input circuit design 


0,212+j0,146 


\ / / parallel capacitance C5 


series inductance L4 
(X4) Rie (b5) 
0,212~j0,4 
(1+j1,9) 


Fig 36 - Output circuit design 
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_ The selectivity of a matching circuit can also be 5.2 CIRCUIT SCHEMATIC 
determined graphically by changing the x or b values | 
according to a chosen: frequency change. The 

_ diagram will give the VSWR and the attenuation can 
be computed. no 

_. The graphic method is also useful for conversion 

- from a lumped circuit design into a stripline design. 
- The immittance circles will now have their centres on 
the 1 + jo point. : 
At low impedance levels (large circles), the differ- 
ence between lumped and distributed elements is 


small. 
4 sh i : ; f C,= 300 pF (chip) Tae Ts see Figure 30 
5. PRACTICAL EXAMPLE AMES sea tantila ye ear 
La= 8 AH (adjust) - en da ae 
: 3 6.3 mm coil diameter 
The example shown refers to a broadband ampli-  Cy= 130 pF (chip) Danaea 
= ' ; : 4 Pr 0.8 mm wire diameter 
fier stage using a 2N 6083 for operation in the VHF- | Cg= 750 pF (chip) ae eee en 
. : . = urns on. ferrit fel 
band 118-136 MHz. The 2N 6083 is a 12.5 V-device ole ete Laat fe ‘ ees 
F : : : g= 2.2 UF Cl= 0.68 uF 
and, since amplitude modulation is used at these 524 ne 
transmission frequencies, that choice supposes low _.. Fig. 37 — Circuit schematic 


level modulation associated with a feedback system 
for distortion compensation. 

Line transformers will be used at the input and 
output. Therefore the matching circuits will reduce to 5.3 TEST RESULTS 
two-reactance networks, due to the relatively low 
impedance transformation ratio required. 


5.1 DEVICE CHARACTERISTICS 


Input impedance of the 2N 6083 at 125 MHz: 
R_ =0.9 ohms 
p 


C_=—390 pF 
ea 


Rated output power: — 

30W for 8W input at 175MHz. From the data sheet 
it appears that at 125MHz, 30W output will be 
achieved with about 4W input. 


Output impedance: 


(ee ~ ve (sat) ] 2 _ 100 


xP 60 = 1.67 ohms 
_ out 


C out 7 180 pF at 125 MHz See Fig. 39 — 1 vs frequency 
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BROADBAND TRANSFORMERS AND POWER 
COMBINING TECHNIQUES FOR RF 


Prepared by 
H. Granberg 
RF Circuits Engineering 


INTRODUCTION 

The following discussion focuses on eibadband trans- 
formers for RF power applications with practical examples 
of various types given with performance data. Detailed 
design formula are available in the Reference section. 
Power combining techniques useful in designing high 
power amplifiers are discussed in detail. 


BROADBAND TRANSFORMERS 


The input and output transformers are among the most 
critical components in the design of a multi-octave ampli- 
fier. The total performance of the amplifier (linearity, 
efficiency, VSWR, gain flatness) will depend on their 
_ quality. Transformers with high impedance ratios and for 
low impedances are more difficult to design in general. In 
the transmission line transformers very low line impedances 
are required, which makes them impractical for higher than 
16:1 impedance ratios in a 50-Ohm system. Other type 
transformers require tight coupling coefficients between 
the primary and secondary, or excessive leakage induct- 
ances will reduce the effective bandwidth. Twisted line 
transformers (Figure 1C, D, F, G) are described in Refer- 


ences 1, 2, and 4. Experiments have shown that the di- 
electric lasses in certain types of magnet wire, employed 
for the twisted lines, can limit the power handling cap- 
ability of such transformers. This appears as heat generated 
within the transformer at higher frequencies, although part 
of this may be caused by the losses in the magnetic core 
employed to improve the low frequency response. At low 
frequencies, magnetic coupling between the primary and 
secondary is predominant. At higher frequencies the leak- 
age inductance increases and the permeability of the 
magnetic material decreases, limiting the bandwidth unless 
tight capacitive coupling is provided. In a transmission line 
transformer this coupling can be clearly defined in the 
form of a line impedance. 

The required. minimum inductance on the low imped- 
ance side is: pe 


| L = oe in wH | 
R = Impedance in Ohms 
-f = Frequency in MHz — 


where 


This applies to: all transformers described here. 


ee ‘Some transformers, which exhibit good. broad. band per- 
formance and are easy to duplicate are shown in Figure 1. 


FIGURE 1 — HF Broadband Transformers 
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Transformers E and F are intended for input applica- 
_ tions, although Ain a smaller physical form is also suitable. 
In E, the windings are photo etched on double sided 
copper-Kapton* (or copper-fiberglass) laminate. The dielec- 
tric thickness is 3 mils, and the winding area is 0.25 in2. 


—_ 


Laminate Thickness: (Mils) 
o” NO Ob GO MN DO O O 


Transformer size (Area In.) 


FIGURE 2 — Laminate Thickness versus Winding Area 


Solder Area 68 


Copper 
Strip 38 


Plastic 
Insulation 


Fiberglass 
Material 


Strip 58 7 


Copper 
Strip 56 


Ferrite Material 82. 2 eg 
Patent Applied for. 


FIGURE 3— Detailed Structure of Transformer Shown in Figure 1E 


*Trademark of E. I. DuPont, De Nemours and Co., Inc: | 
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Ferrite plates (uy = 2000 to 3000) are cemented on each 


side to improve the low frequency response. This type 


transformer in the size shown, can handle power levels to 
10 W. Figure 2 shows curves for laminate thickness versus 
winding area for various impedance ratios. 

Impedance ratios of this transformer are not limited to 


_ integers as 1:1, 4:1 —— N:L, and the dc isolated primary 


and secondary have an advantage in certain circuit config- 
urations. This design will find its applications in high 
volume, production or where the small physical size is of 


main concern. Table 1 shows the winding configuration 
and measured data of the transformer shown. in Figure 3. 


TABLE 1 — Impedance at Terminals BB" 
Transformer Terminated as Shown 


3 Turns — 


10 Turns 


+) 81 
+) 185 
+j 1518 
4j 214 
j79 . 
4 30 


In the transformer shown in Figure 1F and Table 2, a 
regular antenna balun core is employed (Indiana General 
F684-1 or equivalent). Lines A and B each consist of two 


_ twisted pairs of AWG #30 enameled wire. The line 


impedances are measured as 32 Ohms, which is suffi- 
ciently close to the optimum 25 Ohms calculated for 4:1 


impedance ratio. (Zg =,/ Rin RL). 


Windings a and b are wound one on top of the other, 
around the center section of the balun core. Line c should 
have an optimum Zo of 50 Ohms. It consists of one pair of 
AWG #32 twisted enameled wire with the Zo measured as 
62 Ohms. The balun core has two magnetically isolated 
toroids on which c is wound, divided equally between 
each. The inductance of c should approach the combined 
inductance of Lines a and b (Reference 4,6). 

The reactance in the 50 Ohm port (BB’) should measure 
a minimum. of + J 200. To achieve this for a 4:1 trans- 
former, a and b should each have three turns, and for a 


9:1 transformer, four turns. When the windings are con- 
nected as a 9:1 configuration, the optimum Zo is 16.6 


Ohms, and a larger amount of high frequency compensation 


_ will be necessary. Lower impedance lines can be realized 


with heavier wires or by twisting more than two pairs to- 


gether. (e.g., four pairs of AWG #36 enameled wire 
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would result in the Zo of approximately 18 Ohms.) De- 
tailed information on the manufacture of twisted wire 
transmission lines can be found in References 2,4, and 8. 


TABLE 2 — Impedance at Terminals BB’ 
Transformer Terminated as Shown 


a, 4 Turns 


c, 14.5 Turns 


b, 4 Turns 


[toms Taytoimd [plot 
; +, 185 
+) 330 
+) 430 
+j 600 
+j 750 — 
+; 3060 


Figure 1A shows one of the most practical designs for 
higher impedance ratios (16 and up). The low impedance 
winding always consists of one turn, which limits the avail- 
able ratios to integers 1,4,9 —— N. Data taken of this type 
of a 16:1 transformer is shown in Table 3, while Figure 4 
illustrates the physical construction. Two tubes, 1.4” long 
_ and 1/4” in diameter — copper or brass — form the primary 
winding. The tubes are electrically shorted on one end by a 
piece of copper-clad laminate with holes for the tubes and 


the tube ends are soldered to the copper foil. The hole 


spacing should be larger than the outside diameter of the 
ferrite sleeves. — oo © | 


TABLE 3 — Impedance at Terminals BB’ 
Transformer Terminated as Shown 


4 Turns 


. +) 1030 
44 3090 - 
+) 5800 . 
4300 
4760 
-j 600° 


Multi-Turn Winding 
Threaded 
Through Tubings 


Shorted Tube Ends 


Ferrite Sleeves, 
Stackpole 57-0472-24A, 
or Equivalent. 


_ FIGURE 4 — Physical Construction of a 16:1 Transformer 
(Actual Number of Turns Not Shown) 


A similar piece of laminate is soldered to the opposite 
ends of the tubes, and the copper foil is divided into two 
sections, thus isolating the ends where the primary connec- 
tions are made. .The secondary winding is formed by 
threading wire with good RF insulating properties through 
the tubes for the required number of turns. 

Although. the measurements indicate negligible differ- 
ences in performance for various wire sizes and types 


(stranded or solid), the largest possible diameter should be 


chosen for lower resistive losses. The initial permeability of . 
the ferrite sleeves is determined by the minimum induct- 
ance required for the lowest frequency of operation accord- 
ing to the previous formula. Typical p;’s can vary from 
800 to 3000 depending upon the cross sectional area and 


lowest operating frequency. Instead of the ferrite sleeves, 


a number of toroids which may be more readily available, 
can be stacked. 
The coupling coefficient between the primary and sec- 


- ondary is almost a logarithmic function of the tube dia- 


meter and length. This factor becomes more important 
with very high impedance ratios such as 36:1 and up, 
where higher coupling coefficients are required. The losses 
in the ferrite are determined by the frequency, permeability 
and flux density. The approximate power handling cap- 
ability can be calculated as in Reference 4 and 6, but the 
ferrite loss factor should be taken into consideration. The 
Ly in all magnetic materials is inversely proportional to the | 
frequency, although very few manufacturers give this data. 

Two other variations of this transformer are shown in 
Figure 5. The smaller version is suitable for input matching, 
and can handle power levels to 20 W. It employs a stack- 
pole dual balun ferrite core 57-1845-24B. The low imped- 
ance winding is made of 1/8” copper braid. The portions 
of braid going through the ferrite are rounded, and open- 
ings are made in the ends with a pointed tool. The high 


impedance winding is threaded through the rounded 


- portions of the braid, which was uncovered in each end of 


7-100 
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FIGURE 5 — Variations of Transformers in Figure 1A 


The construction technique of the larger version trans- 
former is similar, except two separate ferrite sleeves are 
employed. They can be cemented together for easier 
handling. This transformer is intended for output applica- 
tions, with a power handling capability of 200-250 W 
employing Stackpole 57-0472-27A ferrites. For more 
detail, see Reference 7. 7 = 

The transformer shown in Figure 1B is superior in band- 
width and power handling capability. Table 4 shows data 
taken on a 4:1 transformer of this type. The transmission 
lines (a and b) are made of 25-Ohm miniature co-axial 
cable, Microdot 260-41 18-000 or equivalent. Two 50 Ohm 

cables can also be connected in parallel. 2 | 
The balun, normally required to provide the balanced 

‘to unbalanced function is not necessary when the two 
transmission lines are wound on separate magnetic cores, 


and the physical length of the lines is sufficient to provide 


the necessary isolation between AA’ and BB’. The minimum — 


line length required at 2.0 MHz employing Indiana General 


F627-19-Q1 or equivalent ferrite toroids is 4.2 inches, and 


the maximum permissible length at 30 MHz would be 
approximately 20 inches, according to formulas 9 and 10 
presented in Reference 2. The 4.2 inches would amount 
to four turns on the toroid, and measures 1.0 wH. This 
complies with the results obtained with the formula given 
earlier for minimum inductance calculations. 

Increasing the minimum required line length by a factor 
of 4 will provide the isolation, and the total length is still 
within the calculated limits. The power loss.in this PTFE 
insulated co-axial cable is 0.03 dB/ft at 30 MHz in contrast 
to 0.12 dB/ft for a twisted wire line. The total line loss in 
‘the transformer will be about 0.1 dB 

_ The number of turns on the toroids has been increased 
beyond the point where the flux density of the magnetic 
core is the power limiting factor. The combined line and 
core losses limit the power handling capability to approxi- 
mately 300 W, which can be slightly increased by employ- 
-ing lower loss magnetic material. at, 


Toroids-Indiana =~ 
General F627-19 QT, - 
: or Equivalent 


Cable — 2522, - 

Microdot 260-4118-000, 
or Equivalent. (16 Turns. 
on Each Toroid.) 


FIGURE 6 — Transformer Construction (Figure 1B) 


bs: Note the connection arrangement (Figure 6), where the 
braid of the cable forms the high current path of the 
_ primary. oe : | : 


TABLE 4 — impedance at Terminals BB’ 
' Transformer Terminated as Shown 


+) 460 
+j 680 
+4920 | 
+j 1300 
_ +7 900 
+690 


HIGH-FREQUENCY POWER COMBINING 


TECHNIQUES EMPLOYING HYBRID COUPLERS. 


_ The zero degree hybrids described here are intended for 
adding the powers of a multiple of solid-state amplifiers, or 
to combine the outputs of groups of amplifiers, usually re- 
ferred to as modules. With this technique, powers to the 
kW level at the high-frequency bands can be realized.- 

When reversed, the hybrids can be used for splitting 
signals into two or more equal phase and amplitude ports. 


~ In addition, they provide the necessary isolation between 


the sources. The purpose of the isolation is to keep the 
system operative, even at a reduced power level during a 
possible failure in one amplifier or module. The isolation 
is especially important in output combining of linear 
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amplifiers, where a constant load impedance must be main- 
tained. Sometimes the inputs can be simply paralleled, and 
a partial system failure would not have catastrophic effects, 
but will merely result in increased input VSWR. 

For very high frequencies and narrow bandwidths, the 
hybrid couplers may consist of only lengths of transmis- 
sion line, such as co-axial cable. The physical lengths of the 
lines should be negligible compared to the highest operat- 
_ing frequency to minimize the resistive losses, and to avoid 
possible resonances. To increase the bandwidth and im- 
prove the isolation characteristics of the line, it is necessary 
to increase the impedance for non-transmission line cur- 
rents (parallel currents) without effecting its physical 
length. This can be done by loading the line with magnetic 
material. Ideally, this material should have a linear BH 
curve, high permeability and low losses over a wide freq- 
uency range. For high-frequency applications, some ferrites 
offer satisfactory characteristics, making bandwidths of 
four or more octaves possible. | os 

Depending upon the balance and phase differences be- 
tween the sources, the currents should be mostly cancelled 
in the balun lines. In a balanced condition, very little power 


is dissipated in the ferrite cores, and most occurring losses | 


will be resistive. Thus, a straight piece of transmission line 
loaded with a high permeability ferrite sleeve, will give 
better results than a multiturn toroid arrangement with 
its inherent higher distributed winding capacitance. 

It is customary to design the individual amplifiers for 50 
Ohm input and output impedances for testing purposes 
and standardization. 50-and 25-Ohm co-axial cable can 
then be employed for the transmission lines. Twisted wire 
lines should not be used at power levels higher than 100 
Watts average, due to their higher dielectric losses. 

Variations of the basic hybrid are shown in Figure 7A 
and B where both are suitable for power. dividing or 
combining. 


The balancing resistors are necessary to maintain a low 
VSWR in case one of the 50-Ohm points reaches a high 
impedance as a result of a transistor failure. As an input 
power splitter, neither 50-Ohm port will ever be subjected 
to a short due to the base compensation networks, should 
a base-emitter junction short occur. An open junction will 
result in half of the input power being dissipated by the 
balancing resistor, the other half still being delivered to the 
amplifier in operation. The operation is reversed when the 
hybrid is used as an output combiner. A transistor failure 
will practically always cause an increase in the amplifier 
output impedance. Compared to the 50-Ohm load imped- 
ance it can be regarded as an open circuit. When only one 
amplifier is operative, half of its output power will be dis- 
sipated by R, the other half being delivered to the load. 
The remaining active source will still see the correct load 
impedance, which is a basic requirement in combining 


linear amplifiers.. The resistors (R) should be of nonin-’ 


ductive type, and rated for 25% of the total power, unless 
some type of automatic shutoff system is incorporated. 
The degree of isolation obtainable depends upon the fre- 
quency, and the overall design of the hybrid. Typical 
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" FIGURE 7A 


FIGURE 7B 


FIGURE 7 — Variations of Basic Hybrid 


figures for 2 to 30 MHz operation are 30-40 dB. Fig- 
ures 8A and B. show 4 port “totem pole” structures de- 
rived from Figures 7A and 7B. Both can be used with even 
number of sources only, e.g. 4, 8, 16, etc. For type 8B, it 
is more practical to employ toroidal multi-turn lines, rather 
than the straight line alternatives, discussed earlier. The 
power output with various numbers of inoperative sources 
can be calculated as follows, if the phase differences are 
negligible: (Reference 2) 


of PX 
Pout =(z)NI 


where: P =Total power of operative sources 
N_ = Total number of sources 
N , = Number of operative sources 


Assuming the most common situation where one out of 


four amplifiers will fail, 75% of the total power of the re- 


maining active sources will be delivered to the load. 
- Another type of multiport hybrid derived from Figure 
7A is shown in Figure 9. It has the advantage of being cap- 


-able of interfacing with an odd number of sources or loads. 


In fact, this hybrid can be designed for any number of 
ports. The optimum values of the balancing resistors will 
vary according to this and also. with the number of ports 
assumed to be disabled at one time. Two other power 
combining arrangements are shown in Figures 10 and 11. 
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252 


SN 


ENS 


Fart 
(oy a 
r---0 


25 
Q] R2 


Z, (a, b, c, d) = 502 
Zy (e, f, g) = 252 


Line impedances: 


a,b = 5022 
c,d = 250 


FIGURE 8B 


FIGURE 8 — Four Port “Totem Pole” Structure | 


Zo (a,b,c) = 50 2 | 
Zo (d, e) = 25 Q (optimum 28.9 2) 


FIGURE '9 — Three-Port Hybrid Arrangement 
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ae coum? 
Te WS 


e 
5022 Output 


Zo (a,b) = 502 
Zg (c,d) = 25 Q (optimum 35.4 22) 


@ 
502 Output 


1 RES Ase 4 
1PORT INOPERATIVE. - 2 PORTS INOPERATIVE. 3 PORTS INOPERATIVE. 
Optimum R = 28.3 Ohms Ue m” Optimum R = 25 Ohms Optimum R = 18.75 Ohms 


ut R ut R out RB 
(PEFP2+P3)-(P p+ Pa) (PT+P2)-(P ,+P5) PTA (P RAPS) 
P1, P2, P3 = Power at any operative port, Pr = Power dissipated in R, excluding R,- 


V = RMS voltage at any 50 Ohm point. 
(The phase differences are assumed negligible.) 


Zo (a,b,c,d) = 50 22 
Zo (e,f) = 25 2 (optimum) 


FIGURE 11 — Four-Port Hybrid System 
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The isolation characteristics of the four-port output com- 
biner were measured, the data being shown in Table 5. 
The ferrite sleeves are Stackpole 57-0572-27A, and the 
transmission lines are made of RG-142/U co-axial cable. 
The input power dividers described here, employ Stack- 
pole 57-1511-24B ferrites; and the co-axial cable is Micro- 
dot 250-401 2-0000. | 


“TABLE 5 — - isclation 
ehalectotisties of Four Port. Output Combiner 


; _Isolation, 
Port-to-Port | 
(dB) 


27.0-29.4 
34.8-38.2 
39.0-41.2 
32.1-33.5 
31.2-33.0 
31.0-33.4 


The input and output matching transformers (T1 — T2) 
will be somewhat difficult to implement for suchimpedance 
ratios as 2:1 and 3:1. One solution is a multi-turn toroid 


wound with co-axial cable, such as Microdot 260-4118-000. 


A tap can be made to the braid at any point, but since this 
is 25-Ohm cable, the Zg is optimum for a 4:1 impedance 
ratio. only. Lower impedance ratios will normally require 
increased values for the leakage inductance compensation 
capacitances. (C1 — C2). For power levels above 500-600 
W, larger diameter co-axial cable is desirable, and it may be 
necessary to parallel two higher impedance cables. The 
required cross sectional area of the toroid can be calculated 
according to the Bmax formulas presented in References 
4 and 6. 

The 2 to 30 MHz linear amplifier (shown in Figure 13) 


FIGURE 12 — Two-Four Port Hybrids 


The one at the lower left is intended for power divider applications 
with levels to 20 — 30 W. The larger one was designed for amplifier 
output power combining, and can handle levels to 1 — 1.5 kW. (The 
balancing resistors are not shown with this unit.) 


consists of two 300 W modules (8). This combined ampli- 
fier can deliver 600 W peak envelope power. The CW 


power output is limited to approximately 400 W by the 


heatsink and the output transformer design. 

The power combiner (Figure 13A) and the 2:1 step-up 
transformer (Figure 13B) can be seen in the upper right 
corner. The input splitter is located behind the bracket 
(Figure 13C). The electrical configuration of the hybrids 
is shown in Figures 7A and 10. Note the loops equalizing 
the lengths of the co-axial cables in the input and output 
to assure a minimum phase difference between the two 
modules. 


FIGURE 13 — 2 to 30 MHz Linear Amplifier Layout 
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A TWO-STAGE 1 kW SOLID-STATE LINEAR AMPLIFIER 


Prepared by 
Helge O. Granberg 
_ RF Circuits Engineering 


INTRODUCTION 


This application note discusses the design of 50 W and 
300 W linear amplifiers for the 1.6 to 30 MHz frequency 
band. Both amplifiers employ push-pull design for low, 
even harmonic distortion. This harmonic distortion and 
the 50 Vdc supply voltage make the output impedance 
- matching easier for 50-Ohm interface, and permits the use 
of efficient 1:1 and 4:1 broadband transformers. 

Modern design includes integrated circuit bias regu- 
lators and the use of ceramic chip capacitors throughout 
the RF section, making the units easily mass producible. 


Also, four 300 W modules are combined to provide a 


1 to 1.2 kW PEP or CW output capability. The -driver 
amplifier increases the total power gain pt the system to 
approximately 34 dB. 

Although the transistors employed (MRF427 and 
MRF428) are 100% tested against 30:1 load mismatches, 
in case of a slight unbalance, the total dissipation ratings 
may be well exceeded in a multi-device design. With high 
drive power available, and the power supply current limit 
set at much higher levels, it is always possible to have a 
failure in one of the push-pull modules under certain load 
mismatch conditions. It is recommended that some type 
of VSWR based protective circuitry be adapted in the 
_ equipment design, and separate dc regulators with appro- 
priate current limits provided for each module. 

The MRF428 is a single chip transistor with the die 
size of 0.140 x 0.248”, and rated for a power output of 
150 W PEP or CW. The single chip design eliminates the 
problem of selecting two matched die for balanced power 
distribution and dissipation. The high total power dissi- 
pation rating (320 W) has been achieved by decreasing the 
thermal resistance between the die and the mount by 
reducing the thickness of the BeO insulator to 0.04” 
from the standard 0.062’’, eaesureins in Rgjc as low 
as 0.5°C/W. 

The MRF427 is also a age chip device. Its die size is 
0.118 x 0.066’, and is rated at 25 W PEP or CW. This 
being a high voltage unit, the package is larger than 
normally seen with a transistor of this power level to pe 
vent arcing between the package terminals. 

The MRF427 and MRF428 are both emitter-ballasted, 
which insures an even current sharing between each cell, 
and thus improving the device ruggedness against load 
mismatches. 

The recommended collector idling currents are 40 mA 
and 150 mA respectively. Both devices can be operated in 
Class A, although not specified in the data: sheet, pro- 
viding the power dissipation ratings are not exceeded. 


GENERAL DESIGN CONSIDERATIONS 


Similar circuit board layouts are employed for the four 
300 W building block modules and the preamplifier. A 
compact design is achieved by using ceramic chip capaci- 
tors, of which most can be located on the lower side of 
the board. The lead lengths are also minimized resulting 
in smaller parasitic inductances ae smaller . variations 
from unit-to-unit. 

Loops are provided in the collector current paths to 
allow monitoring of the individual collector currents with 
a clip-on current meter, such as the HP-428B. This is the 
easiest way to check the device balance in a push-pull 
circuit, and the balance between each module in a system 
such as this. 

The power gain of each module should be within not 


more than 0.25 dB from each other, with a provision 


made for an input Pi attenuator to accommodate device 
pairs with larger gain spreads. The attenuators are not 
used in this device however, due to selection of eight 
closely matched devices. 
In regards to the performance specifications, the 
following design goals were set: 
Devices: 8 x MRF428 + 2 x MRF427A 


Supply Voltage: 40 — 50 V 
n, Worst Case: 45% on CW and 35% under two-tone 
conditions 


IMD, d3: -30 dB Maximum ‘a KW PEP, 50 V and 
800 W PEP, 40 V) 

Power Gain, Total: 30 dB Minimum 

Gain Variation: 2.0 — 30 MHz: +1.5 dB Maximum 

Input VSWR: 2.0:1 Maximum 


Continuous CW Operation, 1 kW: 50% Duty Cycle, 
30-minute periods, with heatsink temperature 
<75°C. 


Load Mismatch Susceptibility : 10:1, any phase angle 


Determining the figures above is based on previous per- 
formance data obtained in test circuits and broadband 
amplifiers. Some margin was left for losses and phase 
errors occurring in the power splitter and combiner. 


THE BIAS VOLTAGE SOURCE 


Figure 1 shows the bias voltage source e employed with 
each of the 300 W modules and the preamplifier. Its basic 
components are. the integrated circuit voltage regulator 
MC1723C, the current boost transistor Q3 and the tem- 
perature sensing diode D1. 
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Parts List: 


R5 — 1.0 Ohm/% WwW 
R6 —1kQ/%AW 

R7 — 100 Ohm/5 W 
R8 —18k2/%W 
RO — 8.2 kQ/AW 
R10 — 1 k&2 trimpot 
Rit — — 
R12 —1k2Q4/4AW 

C11 — 1000 wF/3V Electrolytic 
C12 — 1000 pF Ceramic 

D1 — See text 

D2 — 1N5361 — 1N5366 

QO3 — 2N5991 


p24 


To Pin 2 


e Bias Out 
+0.5-1.0 V 


MC1723C 


C13 


FIGURE 1 — Bias Voltage Source 


Although the MC1723C is specified for a minimum VO 
of 2 Volts, it can be used at lower levels with relaxed speci- 
fications, which are sufficient for this application. Advan- 
tages of this type bias source are: 


1. Line voltage regulation, which is important if the 
amplifier is to be operated from various SUPP IY 
voltages. 

2. Adjustable current limit. 

3. Very low stand-by current drain. 


Figure 1 is modified from the circuit shown on the 
MC1723 data sheet by adding the temperature sensing 
diode D1 and the voltage adjust element R10. D2 and 
R12 reduce the supply voltage to a level below 40 V, 
which is the maximum input voltage of the regulator. 

D1 is the base-emitter junction of a 2N5190, in a 
Case 77 plastic package. The outline dimensions allow its 
use for one of the circuit board stand-offs, attaching it 
automatically to the heatsink for temperature tracking. 

The temperature compensation has a slight negative 
coefficient. When the collector idling current is adjusted 
to 300 mA at 25°C, it will be reduced to 240 — 260 mA 
at a 60°C heatsink temperature. (-1.15 to -1.7 mA/C°.) 

The current limiting resistor R5 sets the limiting to 
approximately 0.65 A, which is sufficient for devices 


Ic 
with a minimum hpR of 17 (IB = = a when the maxi- 


mum average IC. is 10.9 A. (2 MHz, 50 V, 250 CW.) 
Typically, the MRF428 hfR’s are in the 30’s. 
The measured output voltage variations of the bias 


source (0 — 600 mA) are +5 to 7 mV, which amounts to 
a source impedance of approximately 20 milliohms. 


THE 300 W AMPLIFIER MODULE 


| Input Matching 


Due to the large emitter periphery of the MRF428, 
the series base impedance is as low as 0.88, -J.80 Ohm at 
30 MHz. In a push-pull circuit a 16:1 input transformer 
would provide the best impedance match from a 50-Ohm 


source. This would however, result in a high VSWR at 


2 MHz, and would make it difficult to implement the 
gain correction network design. For. this reason a 9:1 
transformer, which is more ideal at the lower frequencies, 
was chosen. This represents a 5.55 Ohm _ base-to-base 
soure impedance. 

In a Class C push-pull circuit, where the conduction 
angle is less than 180°, the base-to-base impedance would 
be about four times the base-to-emitter impedance of one 
device. In Class A where the collector idling current is 
approximately half the peak collector current, the con- 
duction angle is 360°, and the base-to-base impedance is 
twice the input impedance of one transistor. When the 
forward base bias is applied, the conduction angle in- 
creases and the base-to-base impedance decreases rapidly, 


approaching that of Class A in Class AB. 


A center tap, common in push-pull circuits, is not 
necessary in the input transformer secondary, if the tran- 
sistors are balanced. (Cjp, hFE, VBEf.): The base current 
return path is through the forward biased base-emitter 
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= 4.65 22 


Re 


X,=-jt.25 2 


FIGURE 2 — Equivalent Base Input Circuit 


junction of the off transistor. This junction acts as a 
clamping diode, and the power gain is somewhat depen- 
dent upon the amount of the bias current. The equiva- 
lent input circuit (Figure 2) represents one half of the 
push-pull circuit, and for calculations Rg equals the total 
source impedance (RS’) divided by two. 

Since a junction transistor is a current amplifier, it 
should ideally be driven from a current source. In RF 
applications this would result in excessive loss of power 
gain. However, input networks can be designed with 
frequency slopes having some of the current source 
characteristics at low frequencies, where excess gain 
is available. | 

The complex base input characteristics of a transistor 
would place requirements for a very sophisticated input 
compensation network for optimum overall performance. 
The design goal here was to maintain an input VSWR of 
2:1 or less and a maximum gain variation of +1.5 dB 
from 2 to 30 MHz. Initial calculations indicated that these 
requirements can be met with a simple RC network in 
conjunction with negative collector-to-base feedback. 
Figure 2 shows this network for one device. L1 and L2 
represent lead lengths, and their values are fixed. The 
feedback is provided through R2 and L2. Because the 
calculations were done without the feedback, this branch 
is grounded to simulate the operating conditions. 

The average power gain variation of the MRF428 from 
2 to 30 MHz is 13 dB. Due to phase errors, a large amount 
of negative feedback in an RF amplifier decreases the 
linearity, or may result in instabilities. Experience has 
shown that approximately 5 — 6 dB of feedback can be 
tolerated without noticeable effects in linearity or sta- 
bility, depending upon circuit layout. If the amount of 
feedback is 5 dB, 8 dB will have to be absorbed by the 
input network at 2 MHz. 

Omitting the reactive components, L1, L2, C1, and the 
phase angle of X_ which have a negligible effect at 2 MHz, 


1.3 Q 
value of each should be 5 


_a simple L-pad was calculated with Rg = 2.77 Q, and RL 


=/ 4.652 + 1.252 =4.81Q. 


From the device data sheet we find the Gpp at 2 MHz 


‘is about 28 dB, indicating 0.24 W at Ry, will produce an 


output power of 150 W, and the required power at Rs = 
0.24 W + 8 dB = 1.51 W. . 

Figuring out currents and voltages in various branches, 
results in: Rl = 1.67 Q and R2 = 1.44 Q. 

The calculated values of R1 and R2 along with other 
known values and the device input data at four frequencies 
were used to simulate the network in a computer program. 
An estimated arbitrary value of 4000 pF for C1 was 
chosen, and VCS2 represents the negative feedback volt- 
age (Figure 2.) The optimization was done in two separate 
programs for R1, R2,C1 and VCS2 and in several steps. 
The goals were: a) VCS and R2 for a transducer loss of 
13 dB at 2 MHz and minimum loss at 30 MHz. .b) R1 and 
C1 for input VSWR of <1.1:1 and <2:1 respectively. The 
optimized values were obtained as: 


Cl=5850pF R2=132 
— RLE210 VCS2=1.5V_ 


The minimum obtainable transducer loss at 30 MHz was 


2.3 dB, which is partly caused by the highest reflected 


power at this frequency, and can be reduced by “over- 
compensation” of the input transformer. This indicates 
that at the higher frequencies, the source impedance 
(Rs) is effectively decreased, which leaves the input 
VSWR highest at 15 MHz. 

In the practical circuit the value of Cl (and C2) was 
rounded to the nearest standard, or 5600 pF. For each 
half cycle of operation R2 and R4 are in series and the 


for VCS2 = 1.5 V. Since 
the voltage across ac and bd = VcR, a turns ratio of 32:1 


would be required. It appears that if the feedback voltage 
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- Source 


Output 


FIGURE 3 — 


on the bases remains unchanged, the ratio of the voltage 
across LS (VCS2) and R2R4 can be varied with only a 
small effect to the overall input VSWR. To minimize the 
resistive losses in the bifilar winding of T2 (Figure 3), 
the highest practical turns ratio should not be much higher 
than required for the minimum inductance, which is 


4R_ 50 


eee ig eee 


R = Collector-to-Collector Impedance = 12.5 Q 


f= 2 MHz 

ac or bd will then be 1.0 wH, which amounts to 5 turns. 
(See details on T2.) 25% over this represents a 7:1 ratio 
setting VCS2 to 6.9 V. 

In addition to providing a source for the negative 
feedback, T2 supplies the dc voltage to the collectors 
as well as functions as a center tap for the output 
transformer T3. . 

The currents for each half cycle are in opposite phase 
in ac and bd, and depending on the coupling factor 
between the windings, the even harmonic components 
will see a much lower impedance than the fundamental. 
The optimum line impedance for ac, bd would equal one 
half the collector-to-collector impedance, but experiments 
have shown that increasing this number by a factor of 
2-3 affects the 2nd and 4th harmonic amplitudes by only 
1 to 2 GB. | : 

Since the minimum gain loss obtainable at 30 MHz 

with network as in Figure 2, and the modified VCS2 
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source was about 3.8 dB at 30 MHz, C5 was added with 
the following in mind: C5 and L5 form a parallel resonant 
circuit with a Q of approximately 1.5. Its purpose is to 
increase the shunting impedance across the bases, and to 
disturb the 180° phase difference between the input 
signal and the feedback voltage at the higher frequencies. 
This reduces the gain loss of 3.8 dB, of which 1.4 dB is 
caused by the feedback at 30 MHz. The amount depends 
upon the resonant frequency of C5 L5, which should be 
above the highest operating frequency, to avoid possi- 
ble instabilities. 

When LS is 45 nH, and the resonance is calculated 
for 35 MHz; the value of C5 becomes 460 pF, which can 
be rounded to the closest standard, or 470 pF. The phase 
shift at 30 MHz is: | 


Tan -! Tan-! | 6.28 x 30 x 0.045 


anf L 
2\i= 
R - te 6.8 {1- =) 
fo2 L 1225 


R _ 68 
cos@ ~~ cos 78° = 32.72 


At 2 MHz the numbers are respectively 4.76° and 6.83 Q. 


The 1.4 dB feedback means that the feedback voltage 
is 16% of the input voltage at the bases. By the aid of 


The impedance is: 


AN758 


vectors, we can calculate that the 78° phase shift and the The VSWR was calculated as 
increased impedance reduces this to 4%, which amounts 
to 0.35 dB. These numbers were verified in another aan where: 

+ 


computer program with VCS2 = 6.9. V, and including CS. 
New values for R1 and R2 were obtained as 1.95 Q and 
6.8 Q respectively, and other data as shown in Table 1. Z1 = Impedance at transformer secondary. 


TABLE1: 


Frequency Input Input Impedance Input Impedance. _ _ Attenuation 
MHz VSWR. Real Reactive | dB 


Although omitted from the preliminary calculations, the Z2 = Input impedance of compensation network x 2 


2 x 5 nH inductances, comprising of lead length, were — (Rg in Figures 2 and 3) as in computer data presented 
included in this program. ahead. 

The input transformer is a 9:1 type, and uses a tele- 
vision antenna balun type ferrite core, made of high The effect of the lower VSWR to the power loss in the 
permeability material. The low impedance winding input network can be calculated as follows: 


consists of one turn of 1/8” copper braid. The sections 
going through the openings in the ferrite core are rounded 


to resemble two pieces of tubing electrically. The primary | (: = Bice 

consists of AWG #22 TFE insulated wire, threaded 10 Log \SIt1/ . S1 = VSWR 1 (Lower) 

through the rounded sections of braid, placing the primary ( : ( = : ) S2 = VSWR 2 (Higher) 

and secondary leads in opposite ends of the core. (4) (5). 

The saturation flux density is about 60 gauss which is well . 

below the limits for this core. For calculation procedures, ( l- ( doth 2 

see discussion about the output transformer. | | which at 30 MHz = 10 Log l.11+1 5 
This type physical arrangement provides a tight cou- Sh ee 14-1 ) 

pling, reducing the amount of leakage flux at high fre- 1.74 +1] 


quencies. The wire gauge, insulation thickness, and 
number of strands have a minimal effect in the perform- a 0.997 
ance except at very high impedance ratios, such as 25:1 = aOee ( 333 
and up. The transformer configuration is shown in Fig- 
ure 4. By using a vector impedance meter, the values 
for C3 and C4 were measured to give a reasonable input 
match at 30 MHz, (Zjn = 1.62 - j 0.21 x 2 = 3.24 - 
j 0.42) with the smallest possible phase angle. 


oO | ) 
I 
502¢ 56 pFaxc3 4,0 470pF AN C4 Secondary 
O- . ; 


FIGURE 4 — Transformer Configuration 


= 0.32 dB, 2.7 -0.32=238 dB 


These figures for other frequencies are presented with the 
data below. Later, some practical experiments were done 
with moving the resonance of C5 L5 lower, to find out if 
instabilities would occur in a practical circuit. When the 
resonance was equal to the test frequency, slight break- 
up was noticed in the peaks of a two-tone pattern. It was 
then decided to adjust the resonance to 31 MHz, where 
C5 = 560 pF, and the phase angle at 30 MHz increases to 
87°. The transducer loss is further reduced by about 0.2 dB. 


When the high impedance side was terminated into Several types of output transformer configurations 
50 92, the following readings were obtained at the were considered. The 12.5 $2 collector-to-collector im- 
secondary: TABLE 2: 


Frequency VSWR Attenuation 
MHz dB 


(Above readings with transformer 
and compensation network.) 
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FIGURE 5 — Bottom and Top of the 300 W Module Circuit Board 


pedance estimated earlier, would require a 4:1 trans- 
former for a 50 {2 output. The type used here as the input 
transformer exhibits good broad band characteristics 
with a convenient physical design. However, according 
to the low frequency minimum inductance formula 
presented earlier in connection with T2, the initial per- 
meability required would be nearly 3000, with the largest 
standard core size available. High permeability ferrites are 
almost exclusively of Nickel-Manganese composition, and 
are lossy at radio frequencies. Although their Curie points 
are higher than those of lower permeability Nickel-Zinc 
ferrites, the core losses would degrade the amplifier 
performance. With the core losses being a function of the 
power level, these rules can sometimes be disregarded in 
low power applications. 

A coaxial cable version was adapted for this design, 
since the transmission line type transformers are theoret- 
ically ideal for RF applications, especially in the 1:4 
impedance ratio. A balanced to unbalanced function 
would normally require three separate transmission lines 
including a balun (5) (6). It appears that the third line 
can be omitted, if lines a and b (Figure 3) are wound on 
separate magnetic cores, and the physical length of the 
lines is sufficient to provide the necessary isolation 
between the collectors and the load. In accordance to 
formulas in (7), the minimum line length required at 
2 MHz, 
ferrite toroids is 4.2”, and the maximum permissible 
line length at 30 MHz would be approximately 20”. 
The 4.2” amounts to four turns on the toroid, and meas- 
ures 1.0 wH, which in series with the second line is suffi- 
cient for 2 MHz. Increasing the minimum required line 


employing Stackpole 57-9074 or equivalent 


length by a factor of 4 is still within the calculated limits, 
and in practical measurements the isolation has been 
found to be over 30 dB across the band. The main advan- 
tage with this arrangement is a simplified electrical and 
physical lay-out. 

The maximum flux density of the toroids is approxi- 
mately 200 gauss (3), and the number of turns has been 
increased beyond the point where the flux density of the 
magnetic core is the power limiting factor. 

The 1:4 output transformer is not the optimum in 
this case, but it is the closest practical at these power 
levels. The optimum power output at 50 V supply voltage 
and 50 {2 load is: 


VRMS = 4 x (VCC- VCE(sat) X 9.707) = 135. 75 V, when 

VCE(sat) = 2 V 

135.75 
50 


The optimum VCC at Poyt = 300 W would be: 


Vcc = VCE(sat) + (v Rin x2 Pout) =2+ (V 6.25 x 300) 
=453 V 


The above indicates that the amplifier sees a lower load 
line, and the collector efficiency will be lowered by 1-2%. 
The linearity at high power levels is not affected, if the 
device hFE is maintained at the increased collector 
currents. The linearity at low power levels may be slightly 


[= 


= 2.715 A, Poyt = 2.715 x 135.75 = 368.5 W 


decreased due to the larger mismatch of the output circuit. 


The required characteristic line impedance (a and b, 
Figure 3) for a 1:4 impedance transformer is: V Rin RL = 


‘s/f 12.5 x 50 = 25 , enables the use of standard miniature 


25 Q coaxial cable (i.e., Microdot 260-4118-000) for the 
transmission lines. The losses in this particular cable at 
30 MHz are 0.03 dB/ft. With a total line length of 2 x 
16.8” (2 x 4 x 4.2”), the loss becomes 0.084 dB, or 


300 
300 ~ (iy aatilog 00st an) 7" © 


For the ferrite material employed, Stackpole grade 
#11 (or equivalent Indiana General Q1) the manufactur- 
ers data is insufficient for accurate core loss calculations (6). 
The By curves indicate that 100-150 gauss is well in the 
linear region. 

The toroids measure 0.87” x 0.54” x 0.25”, and the 
16.8” line length figured above, totals to 16 turns if 
tightly wound, or 12-14 turns if loosely wound. The 
flux density can then be calculated as: 


Vmax xX 102 


Bmax = 2nfnA 


= Frequency in MHz 

Total number of turns. 

Cross sectional area of the toroid in cm2. 
Peak voltage across the 50 {2 load, 


(2) (aa) = IBV 


where: 


f 

n 
A 
V 


0.707 
86.5 x 102 


Bmax (for each toroid) = 638 x 2x8 x DS 


= 98.3 gauss 
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Practical measurements showed the core losses to be 
negligible compared to the line losses at 2 MHz and 
30 MHz. However, the losses increase as the square of 
Bmax at low frequencies. 


With the amount of HF compensation iendent upon. 


circuit layout and the exact transformer construction, 
no calculations were made on this aspect for the input 
(or output) transformers. C3, C4, and C6 were selected 
by employing adjustable capacitors on a prototype 
whose values were then measured. 

A photo of the circuit board is shown in Figure 5, A- 
bottom and B-top. The performance data of the 300 W 
module can be seen in eee 6. 
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FIGURE 6 — IMD, Power Gain, Input VSWR and Efficiency 
versus Frequency of a 300 W Module 


THE DRIVER AMPLIFIER 


The driver uses a pair of MRF427 devices, and the 
same circuit board layout as the power amplifier, with 
the exception of the type of the output transformer. 

The input transformer is equal to what is used with 
the power amplifier, but has a 4:1 impedance ratio. 
The required minimum inductance in the one turn second- 
ary (Figures 3 and 4) being considerably higher in this case, 


AR 
2nf 


4x 12.5 

Dore 
the Aj, product of the core is barely sufficient. The 
measured inductances between a number of cores range 
3.8 - 4.1 wH. 

This formula also applies to the output transformer, 
which is a 1:1 balun. The required minimum inductance 
at 2 MHz is 16 wH, amounting to 11 turns on a Ferrox- 
cube 2616P-A100-4C4 pot core, which was preferred 
over a toroid because of ease of mounting and other 
physical features. Although twisted wire line would be 
good at this power level, the transformer was wound 


with RG-196 coaxial cable, which is also used later for © 


module-driver interconnections. 

The required worst case driver output is 4 x 12 W = 
48 W. The optimum Poyt with the 1:1 output trans- 
former is 


=p 61.7 = 92 W. 


VRMS 
xV 
50 


50 


The MRF 427 is specified for a 25 W power output. 
Having a good hfE versus Ic linearity, the 1 to 2 load 
mismatch has an effect of 2-3 dB in the IMD at the 10% 
power level, and the reduced efficiency in the driver 
is insignificant regarding the total UEP current in 
the system. 

The component values for the Base input network nd 
the feedback were established with the aid of a computer, 
and information on the device data sheet, as described 
earlier with the 300 W module. The HF compensation 
was done in a similar manner as well. Neither amplifier 
employs LF compensation. C7 and C8 are dc blocking 
capacitors, and their value is not critical. 


In T2 (Figure 7), b and c represent the RF center 
tap, but are separated in both designs — partly because 


FIGURE 7 


of circuit lay-out convenience and oy for stabili- 
zation purposes. 

The test data of the driver is presented later along with 
the final test results. 


FIGURE 8 — Driver Amplifier Board Layout 
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COMBINING FOUR 300 W POWER MODULES 50 Q impedance, which sets the common input at 12.5 Q. 
. This requires an additional 4:1 step down transformer to 

The Input Power Divider _ provide a 50 Q load for the driver amplifier. Another 
The purpose of the power divider is to divide the input requirement is a 0° phase shift between the input and 
power into four equal sources, providing an amount of the 50 2 outputs, which can be accomplished with 1:1 
isolation between each. The outputs are designed for balun transformers. ‘(a,b,c and din Figure 10.) For im- 


R1 
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Atten- 
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Feedthroughs 
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Stand Off’s 
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FIGURE 9 — Component Layout of the 300 W Amplifier Module 


PARTS LIST* 
(Power Module and Driver Amplifier) 


foe a eae Power Module Driver Amplifier 


5600 pF 3300 pF 

56 pF 39 pF 

470 pF Not Used 

560 pF 470 pF 

75 pF 51 pF 

0.1 WF 0.1 UF 

0.33 UF 0.33 UF 

10 uF/150 V 10 wF/150 V 

2x 3.9 §92/% W in parallel 2x 7.5 Q/% W in parallel 

2 x 6.8 121/% W in paratlel 2x 18 92/% W in parallel 

Ferroxcube VK200 19/4B Ferroxcube VK 200 19/4B 
ferrite choke ferrite choke . 

6 ferrite beads each, 6 ferrite beads each, 
Ferroxcube 56 590 65/3B Ferroxcube 56 590 65/3B 


All capacitors, except C11, are ceramic chips. Values over 100 pF are 
Union Carbide type 1225 or 1813 or Varadyne size 18 or 14. 
Others ATC Type B. 


9:1 type, see text. 4:1 type, see text. 
(Ferrite-cores for both: Stackpole 57-1845-24B or Fair-Rite Products 
237300201 or equivalent.) 


7 turns of bifilar or loosely twisted wires. (AWG #20.) 
Ferrite cores for both: Stackpole 57-9322, Indiana General 
F627-8Q1 or equivalent. 


14 turns of Microdot 260-4118-00| 11 turns of RG-196, 50 © miniature 
25 {2 miniature coaxial cable coaxial cable wound on a bobbin 
wound on each toroid. (Stack- of a Ferroxcube 2616P-A100-4C4 
pole 57-9074, Indiana General pot core. 

F6 24-1901 or equivalent.) 


*Parts & kits for this amplifier are available from Communication Concepts, 121 Brown St., Dayton, Ohio 
45402 (513) 220-9677 
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proved low frequency isolation characteristics the line 
impedance must be increased for the parallel currents. 
This can be done, without affecting the physical length 
of the line, by loading the line with magnetic material. 
In this type transformer, the currents cancel, making it 
possible to employ high permeability ferrite and a relatively 
short physical length for the transmission lines. In an 
absolutely balanced condition, no power will be dissipated 
in the magnetic cores, and the line losses are reduced. 
The minimum required inductance for each line can be 
calculated as shown for the driver amplifier output trans- 
former, which gives a number of 16 wH minimum at 
2 MHz. A low inductance value degrades the isolation 
characteristics between the 50 Q output ports, to main- 
tain a low VSWR in case of a change in the input 
impedance of one or more of the power modules. How- 
ever, because of the base compensation networks, the 
power splitter will never be subjected to a completely 
open or shorted load. 7 


FIGURE 10 — Four Port Power Divider 


The purpose of the balancing resistors (R) is to dissi- 
pate any excess power, if the VSWR increases. Their 
optimum values, which are equal, are determined by the 
number of 50 {2 sources. assumed unbalanced at one 
time, and the resistor values are calculated accordingly. 

Examining the currents with one load open, it can be 
seen that the excess power is dissipated in one resistor in 
series with three parallel resistors. Their total value is 
50 - 12.5 = 37.5 Q. Similarly, if two loads are open, the 
current. flows through one resistor in series with two 
parallel resistors, totaling 37.5 (2 again. This situation. is 
illustrated in Figure 11. 4 . 

Except for a two port power divider (5), the resistor 
values can be calculated for odd or even number systems 
as: : | : 


p= RL=Rin si 
R f ri | )n where: 
Ri = Impedance of the output ports, 50 &. 
Rin = Impedance of the input port, 12.5 Q. 
n = Number of output ports properly terminated. 


a) 1 Load Open — b) 2 Loads Open c) 3 Loads Open’ 


FIGURE 11 


Although these resistor values are not critical in the 
input divider, the formula also applies to the output 
power combiner, where mismatches have a larger effect 
in the total power output and linearity. 

The practical power divider employs large ferrite beads 


(Fair-Rite Products 2673000801 or Stackpole 57-1511-24B 


or equivalent) over.a 1.2 inch piece of RG-196 coaxial 
cable. The arrangement is shown in Figure 10. Both 
above ferrite materials have a ur of about 2500, and the 
inductance for one turn is in excess of 10 wH. 

The step-down transformer (T1, Figure 10) is wound 
on a Stackpole 57-9322-11 toroid with 25 © miniature 
coaxial. cable. (Microdot 260-4118-000 or equivalent.) 
Seven turns will give a minimum inductance of 4/16 yH, 
required at 2 MHz. | | 

For the preamplifier interface, C1 could be omitted 
in order to achieve the lowest input VSWR. 

The structure is mounted between two phenolic 
terminal strips as can be seen in the foreground of Fig- 
ure 14, providing a sufficient number of tie points for 
the coaxial cable connections. 7 


THE OUTPUT COMBINER | 


The operation of the output combiner is reversed from 
that of the. input power divider. In this application we 
have four -50 22 inputs and one 12.5 Q output, which is 
transformed to 50 2 by a 1:4 impedance ratio transformer. 
_ An arrangement similar to the input power divider is 
employed in the combiner. The baluns consist of straight 
pieces of coaxial cable loaded by a sleeve of magnetic 
material (ferrite). The line length is determined by the 
physical dimensions of the ferrite sleeves. The ur versus 
cross sectional area should be calculated or measured to 


_ give sufficient loading inductance. 


Straight line baluns as these have the advantage over 
multiturn toroidal types in introducing a smaller possi- 
-bility for phase errors, due to the smaller length of the 
line. The largest possible phase errors occur in the input 
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and output connecting cables, whose lengths are 18” 
and 10” respectively. All four input and output cables 
must be of equal length within approximately 4”’, and the 
excess in some, caused by the asymmetrical system layout, 
can be coiled or formed into loops. . 

The output connecting cables between the power 
amplifier outputs and the combiner are made of low loss 
RG-142B/U .coaxial cable, that can adequately handle 
the 300 W power with the average current of 2.45 A. 

The balun transmission lines are also made of RG- 
142B/U coaxial cable, with an outer diametcr of 0.20”. 
The line length is not critical as it is well below the maxi- 
mum length permitted for 30 MHz (7). The minimum 
inductance, as in the input divider, is 16 wH per line. 
Measurements were made between two port combiners, 
one having the line inductance of 17 wH (7 Ferroxcube 
768 series 3E2A toroids) and the other 4.2 wH (one 
Stackpole 57-0572-27A ferrite sleeve). The results are 
shown in Table 3. 


The power output with various numbers of disabled 
sources, referring to Figures 11 and 12 can be calculated 
as: 


PR 
Pn-PR se 
where: n = Number of Operative Sources. 
Pn = Total Power of Operative Sources. 
_ Pr. = Power Dissipated in Balancing Resistors. 
For one disabled source: | 
= ZOASe 2 at 

PR = 250 <9 = 140.65, 

140.65 


Pout = (250x 3)-(140.65 + 


a 
750 - 187.5 = 562.5 W 


This is assuming that the phase errors between the active 
sources are negligible. Otherwise the formula in (7) can 


Isolation dB . Isolation dB 
(Line Inductance 17 H) Line Inductance 4.2 vH) 


The main difference is at 2 MHz — and it was decided 
that the 29 dB of isolation is sufficient, as the high fre- 
quency isolation in either case is not much better. The 
3E2A and other similar materials are rather lossy at RF, 
and with their low Curie points, would present a danger 
of overheating in case of a source unbalance. 

Figure 12 shows the electrical design of the four-port 
power combiner. 


FIGURE 12 — Four Port Output Combiner 


TABLE 3: 


be adapted, but if the errors between the active sources 
are unequal, the situation will get rather complex. 

From above we see that 140.65 W will be dissipated 
by one of the balancing resistors and only 15.6 W by the 
other three. For this high power dissipation the resistors 
must be the type which can be mounted to a heat sink, 
and noninductive. After experiments with the “non- 
inductive’ wirewound resistors which exhibited excess 
inductance at 30 MHz and were bulky with 50 and 100 W 
ratings, thin film terminations were specially fabricated 
in-house for this application.* These terminations are 
deposited on a BeO wafer, which is attached to a copper 
flange. They are rated for 50 W continuous power, but can 
be operated at 100 or even 150 W for nonextended periods 
if the flange temperature is kept moderately low. The 
balancing resistors can be seen on the upper side of the 
combiner, which is shown in the foreground of Figure 15. 

The purpose of the step-up transformer T2, (Figure 12) 
is to transform the 12.5 Q impedance from the combiner 
up to 50 22. It is a standard 1:4 unbalanced-to-unbalanced 
transmission line type transformer, (6, 7, 8) in which the 
line is made of two RG-188 coaxial cables connected in 
parallel in the manner as shown in Figure 13. 

Normally the loss in RG-188 at 30 MHz is 0.08 dB/foot. 
In this connection arrangement, the currents in both 
directions are carried by the braid in parallel with the 


*Similar attenuators and terminations are available from 
Solitron, EMC Technology, Inc., and other manufacturers 
of microwave components, 
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FIGURE 13 


inner conductor and the power loss is reduced to approxi- 
mately 0.025 dB/foot. The impedance becomes 25 Q, and 
depending on how close the cables are to each other 
physically, it can be as low as 22 922. The minimum line 
inductance can be calculated as shown before, and is 
16 wH for the 50 Q side. This inductance is achieved 
by winding several turns of the dual cable line on a 
magnetic core. In contrast to the balun transformers in 
the combiner, the line currents do not cancel and the 
magnetic core must handle the full power, and must be 
made. of lower loss material. The form of a toroid was 
figured to require the shortest line length for a specific 
inductance, and out of the standard sizes, two stacked 
units resulted in a shorter line length than a single larger 
one with similar cross sectional area. 

Six turns on two Indiana General F626-12-Q1 toroids 


give 4.8 and 23 wH for the secondary; the line length 


being 16 inches. 

In continuous operation the core beceseeahaee was 
measured. as 95-90°C, This resulted in a decision to change 
the core material to Q2, which exhibits about 70% lower 
losses at 30 MHz. The permeability. is also lower (35), 
and with the same number of turns gives only 13. WH. © 


The line length could not be increased according to 


(7), and. the: measurements indicated no difference in. 


operation at 2. MHz, so the Q2 toroids with the low 
inductance were considered permanent. ~ 


The maximum flux density oF the toroids is eaiculaied 
as sliowa before: 


Vinee x 102 
Bijag= ~ afk gauss, poe 
V = Peak voltage across fhe econ diy: (50 Saint) 316.2 V 
f = Frequency in MHz (2.0) — 
n = Number of turns at the 50 2 point. (12) 
A = Core cross sectional area (1 21 cm2) 


316.2 x 102 


Bmax = 658 x2x 12x 1.21 ~ 200 gauss 


. From the BH curves we can see that the linear portion 

extends to 800-1000 gauss, and the saturation occurs at 
over 3000 gauss. Comparable materials are Stackpole 
grade 14 and Fair-rite products 63.. 

The core losses are. minimal compared to the line 
losses, which for the 16” length amount to 0.035 dB or 
0.81%. 

As in the’ input transformer, the HF compensation (C2) 
was not required. The lay-out of the combiner and T2 is 


FIGURE 14 — 1 kW Linear Amplifier showing the input power 
divider in the foreground, to the right is the preamplifier. Two 

_ of the four 300 W modules can be seen on the upper side of 
the structure. The other two modules are shown in Figure 15. 


-FIGURE 15. — 1 kW Linear Amplifier showing the output com- 


biner in the foreground, to the right is the 1:4 stepup transformer. 
The four balancing resistors, mounted to the heat sink, can be 


‘seen directly above the combining network. 


‘such that minimum lead lengths are obtained, and the 


structure is mounted on a PC board having feedthrough 
eyelets to a continuous ground plane on its lower side. 


MEASUREMENTS 


Six 300 W modules were built using matched pair 
production MRF428’s. The maximum gain distribution 
was 0.9 dB, and in the four units selected for the amplifier 


bd 


: the gain varied from 13.7 to 14.1 dB at 30 MHz, so it was 
not necessary to utilize the option of the input attenuators. 


Figure 16 shows the test set-up arrangement employed 
for testing the modules and the combined amplifier. 

The heatsink design was not optimized as it was felt to 
be outside the scope of this report; concentration was 
made in the electrical design. However, it was calculated 
to be sufficient for short period testing under two-tone or 
CW conditions at full power. The heatsink consists of 
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FIGURE 16 — For two tone operation, a signal from an-external audio oscillator is added to a signal from the T-4XB built-in oscillator, which 


has been adjusted to 800 Hz. 


During single tone testing, the external oscillator (1200 Hz) is switched off. A calorimeter wattmeter in the output can be used to calibrate 
the HP -432A’s at frequencies below ~10 MHz, where their. response roll-off begins. 
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FIGURE 17 — VSWR and Efficiency versus Frequency 
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FIGURE 18 — IMD versus Power Output 
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-FIGURE 19 — Photo of Spectrum Analyzer Display Showing 
the IMD Products to the 9th Order. Power Output = = 1kW at 


30 MHz (50 V). 
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four 9” lengths of Thermalloy 6151 extrusion, each -10 
having a free air thermal resistance of 0.7°C/W. They | 
are bolted in pairs to two 9” x 8%” x 3/8” copper plates, 
to which the four power modules are mounted: Assuming 
a coefficient. of 0.85 between two parallel extrusions, 
a total thermal resistance of 0.4°C/W is realized. Two of 
these dual extrusions are mounted back-to-back to provide 


Fes eae 
hz es 
1S a A | 


TIT 
HA Is | Na 


‘Harmonics Below Fundamental (dB) 


EAA 


Frequency (MHz) 


FIGURE 22 — Output Harmonic Contents versus Frequency 


The 10: 1 load meh. was simulated with 34 feet 

Or RG-58 coaxial cable, which. has an attenuation of 

approximately 0.9 dB at 30 MHz, representing 1.8 dB 

~~ return loss. The coaxial was terminated into an LC network 

consisting of a 2 x 15 — 125 pF variable capacitor and 
two inductors as sown in Figure 23. ; 


Heat Sink Temperature (°C) 


1.0 100 ee 1000 


Time (Minutes) 


FIGURE 21 — Heat Sink Temperature versus Time . 


a channel for the air flow from four Rotron SP2A2 4” 
fans. Two are mounted in each end of the heatsink, and 
the four fans operating in.the same direction Provide an 
air flow of approximately 150. CFM. 

The third order harmonic is 14 dB below the fund: 
amental at certain’ frequencies, as can be seen in Figure 
22. This number is typical in a.four octave amplifier, and 
it is obvious that some type. of output filter is. required eae : 
when it is used for communications purposes. - . ' FIGURE 23 — Load Mismatch Test Circuit 


NOTE: T The: Printed Circuit Board shown is 75% of the original. 


FIGURE 24 — Circuit Board Layout of the Power 
Combiner Assembly 
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The high current mode appears at a phase angle of -90° 
and 20 9, where the monitored individual collector 
currents increased to 6.8 A. At 50 V this amounts to. 340 W, 
which almost entirely represents device dissipation. 

At 20:1 load mismatch an equal power dissipation is 
reached at a power output of approximately 650 W CW, 

Since the collector voltages remain below the device. 
breakdown at the high impedance mode (+90°C, 150 22), 
it may be concluded, that the load mismatch susceptibility 
is limited by overdissipation of the transistors. 


FIGURE 25 — Board Layout of the Power Combiner 


Transmission Line Assembly 
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LINEAR AMPLIFIER: 7A fa 


& | FIGURE 26 — Board Layout of the 300 W Module and ‘Driver Amplifier a 
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LINEAR AMPLIFIERS FOR MOBILE OPERATION 


Prepared by 
Helge O. Granberg 
RF Circuits Engineering 


INTRODUCTION 


The three versions of the amplifier described here are 
intended mainly for amateur radio applications, but 
are suitable for other applications such as marine radio 
with slight modifications. 

100 W is obtained with two MRF455’s. MRF460 
or MRF453 is also adaptable to this design, resulting in 
approximately 1.0 to 2.5 dB higher overall power gain 
than the values shown. The MRF454 devices which can be 
directly substituted with MRF458’s for slightly lower 


IMD, deliver the 140 W, and two MRF421 devices are - 


used in the 180 W version. 
The use of chip capacitors results in good repeatability, 
making the overall design suitable for mass production. 
There are several precautions and design hints to be 
taken into consideration regarding transistor amplifiers: 


1. Eliminate circuit oscillation. Oscillations may cause 
overdissipation of the device or exceed the break- 
down voltages. . | 

. Limit the power supply current to prevent excessive 
dissipation. : 


. Ensure proper attachment of the device to a heat- 
sink using Silicone grease (such as Corning 340 or 
GC Electronics 8101) to fill all thermal gaps. 


THE TRANSISTORS 

The MRF421 with a specified power output of 100 W 
PEP or CW is the largest of the three RF devices. 
The maximum dissipation limit is 290 Watts, which means 
that the continuous collector current could go as high 
as 21.3 A at 13.6 V operated into any load. The data 
sheet specifies 20 A; this is actually limited by the current 
carrying capability of the internal bonding wires. The 
values given are valid at a 25°C mount temperature. 

The minimum recommended collector idling current 
in Class AB is 150 mA. This can be exceeded at the 
expense of collector efficiency, or the device can be 
operated in Class A at an idling current of approximately 
one fourth the maximum specified collector current. This 
rule of thumb applies to most RF power transistors, 
although not specified for Class A operation. . 

The MRF454 is specified for a power output of 80 W 
CW. Although the data sheet does not give broadband 
performance or IMD figures, typical distortion products 


. Adopt protective circuitry, such as fast acting ALC. . 


~ 
ad 


are ~ -31 to -33 dB below one of the two test tones 
(7) with a 13.6 V supply. This device has the highest 
figure of merit (ratio of emitter periphery and base area), 
which correlates with the highest power gain. 

The maximum dissipation is 250 Watts, and the maxi- 
mum continuous collector current is 20 A. The minimum 
recommended collector idling current is 100 mA, and like 
the MRF421, can be operated in Class A. 

The data sheet specification for the MRF455 is 65 W 
CW, but it can be operated in SSB mode, and typically 
makes -32 to -34 dB IMD in reference to one of the two 
test tones at 50 W PEP, 13.6 volts. It contains the same 
die as MRF453 and MRF460, but is tested for different 
parameters and employs a smaller package. The 
MRF455/MRF453/MRF460 has a higher figure of 
merit than the two devices discussed earlier. Due to this 
and the higher associated impedance levels, the power 
gain exceeds that of the MRF454 and MRF421 in a 
practical circuit. The minimum recommended collector 
idling current is 40 mA for Class AB, but can be 
increased up to 3.0 A for Class A operation. 

It should be noted that the data sheet figures for power 
gain and linearity are lowered when the device is used 
in multi-octave broadband circuit. Normally the device 
input and output impedances vary by at least a factor of 
three from 1.6 to 30 MHz. Therefore, when impedance 
correction networks are employed, some of the power 
gain and linearity must be sacrificed. 

The input correction network can be designed with 
RC or RLC combinations to give better than 1 dB gain 
flatness across the band with low input VSWR. In a low- 
voltage system, little can be done about the output 
without reducing the maximum available voltage swing. 

At power levels up to 180 Watts and 13.6 V, the peak 
currents approach 30 A, and every 100 mV lost in the 
emitter grounding or collector dc feed also have 
a significant effect in the peak power capability. Thus, 
these factors must be emphasized in RF power circuit 
design. 


THE BASIC CIRCUIT 


Figure 1 shows the basic circuit of the linear amplifier. 
For different power levels and devices, the impedance 
ratios of T] and T3 will be different and the values of 
R1, R2, R3, R4, R5, C1, C2, C3, C4 and C6 will have to 
be changed. 


MOTOROLA RF DEVICE DATA 


7-122 


AN762 


MC1723G 


r 


O 
C12 
ea ii R8 


To Pin 2 


nol 


e 


| ee | | 
a O i 

| | 

I 

he 09 O 5 


FIGURE 1 — Basic Circuit of Linear Amplifier 


The Bias Voltage Source 


The bias voltage source uses active components - 


(MC1723G and Q3) rather than the clamping diode system 
as seen in some designs. The advantages are line voltage 
regulation capability, low stand-by current, (21.0 mA) and 
wide range of voltage adjustability. With the component 
values shown, the bias voltage is adjustable from 0.5 to 
0.9 Volts, which is sufficient from Class B to Class A oper- 
ating conditions. 

In Class B the bias voltage is equal to the transistor 
VBE, and there is no collector idling current present 
(except small collector-emitter leakage, IcCRg), and the 
conduction angle is 180°. 


In Class A the bias is adjusted for a collector idling 
current of approximately one-half of the peak current in 
actual operating conditions, and the conduction angle 
is 360°. 7 | 

In Class AB, (common for SSB amplifiers) the bias is 
set for a low collector quiescent current, and the con- 
duction angle is usually somewhat higher than 180°. 

The required base bias current can be approximated as: 


Quer 
BFE 
where: 


Ic = Collector current, assuming an efficiency of 50% 
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and Poyt of 180 W is: Vee =736~ 26.47 A 

hFE = Transistor dc beta (typical 30, from data sheet) 
4 

Bias current = eT 0.88 A 


R12 shares the dissipation with Q3, and its value must 


be such that the collector voltage never drops below | 


approximately 2.0 V (eg. oe) = 13.2 9). The 
MRF421 devices used for this design had hFE values on 
the high side (45), and R12 was calculated as 2002, which 
is also sufficient for the lower power versions. 

R5 determines the current limiting characteristics 


of the MC1723, and 0.5°Q will set the limiting point 


to 1.35 A, + 10%. 
For SSB operation, excluding two-tone testing, the 


the circuit board. 
The measured output voltage variations of the bias 


source from zero to 1.0 A were + 8-12 mV resulting 
in a source impedance of + 30 mQ2. 


The Input Frequency Correction Network 


The input correction network consists of R1, R2, C2 
and C3. With the combination of the negative feedback 
derived from L5 through R3 and R4 (Figure 1), it forms 
an attenuator with frequency selective characteristics. At 
30 MHz the input power loss is 1-2 dB, increasing to 
10-12 dB at 1.6 MHz. This compensates the gain variations 
of the RF transistors over the 1.6 to 30 MHz band, result- 
ing in an overall gain flatness of approximately +1.0 to 
+1.5 dB. 

Normally an input VSWR of 2.0:1 or lower (Figure 8) 
is possible with this type of input network (considered 
sufficient for most applications). More sophisticated 


FIGURE 2 — Photograph of 180 W Version of the Linear Amplifier 


duty cycle is low, and the energy charged in C1l can 
supply higher peak bias currents than required for 
180 W PEP. 

It is possible to operate the basic regulator circuit, 
MC1723, at lower output voltages than specified, with 
modified component values, at a cost of reduced line 


and output voltage regulation tolerances which are still — 


more than adequate for this application. Temperature 
sensing diode D1 is added for bias tracking with the RF 
power transistors. The base-emitter junction of a 2N5190 
or similar device can be used for this purpose. The tem- 
perature tracking within 15% to 60°C is achieved, even 
though the die processing is quite different from that 
of the RF transistors. The physical dimensions of Case 77 
(2N5190) permits its use for the center stand-off of 


LRC networks will yield slightly better VSWR figures, 
but are more complex and sometimes require individual 
adjustments. | 

Additional information on designing and optimizing 
these networks can be found in reference(2). 


The Broadband Transformers 


The input transformer T1 and the output transformer 
T3 are of the same basic type, with the low impedance 


winding consisting of two pieces of metal tubing, elec- 
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tubing so that the low and high impedance winding 


connections are in opposite ends of the transformer. 
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A. 


B. 


FIGURE 3 — Two Variations of the Input and Output Transformers (T1 and T3) 


The physical configuration can be implemented in 
various manners. A simplified design can be seen in 
Figure 3B. Here the metal tubing is substituted with 
copper braid, obtained from any co-axial cable of the 
proper diameter (4). The coupling coefficient between 
the primary and secondary windings is determined by the 
length-to-diameter ratio of the metal tubing or braid, 
and the gauge and insulation thickness of the wire used 
for the high impedance winding. For high impedance 
ratios (36:1 and higher), miniature co-axial cable where 
only the braid is used, leaving the inner conductor dis- 


connected gives the best results. The high coefficient . 


of coupling is important only at the high-frequency 
end of the band, e.g. 20 to 30 MHz. Additional informa- 
tion on these transformers can be found in reference (5 
Both transformers are loaded with ferrite material to 
provide sufficient low-frequency response. The minimum 
required inductance in the one turn winding can be 
calculated as: 
ae 


b= ont 


where L = Inductance in wH 

R = Base-to-Base or Collector-to- 
Collector Impedance 

f = Lowest Frequency in MHz 


For example, in the 180. Watt version the input trans- 
former is of 16:1 impedance ratio, making the secondary 
_ impedance 3.13 Q with a 50 {2 interface. 


3.13 


6.28 x 1. 


Then: L= is 


= 0.31 wH 
For the output transformer having a 25:1 impedance 


ratio toa 50 Q interface, L= = 0.20 pH. 


6.28 x 1.6 


It should be noted that in the lower power versions, 
where the input and output impedances are higher and 
the transformers have lower impedance ratios, the required 
minimum inductances are also higher. 

T2, the collector choke supplying the dc to each 
collector, also provides an artificial center tap for T3. 
This combination functions as a real center tapped trans- 
former with even harmonic cancellation. T2 provides 
a convenient low impedance source for the negative 
feedback voltage, which is derived from a Se oatate, one 
turn winding. : 


T3 alone does not have a true ac center tap, as there is 
virtually no magnetic coupling between its two halves. 
If the collector dc feed is done through point E (Figure 1) 
without T2, the IMD or power gain is not affected, but 
the even harmonic suppression may be reduced by as much 
as 10 dB at the lower frequencies. 

The characteristic impedance of ac and bd (T2) should 
equal one half the collector-to-collector impedance but 
is not critical, and for physical convenience a. bifilar 
winding is recommended. _ 

The center tap of T2 is actually bc (Figure 1), but 


_ for stabilization purposes, b and c are separated by RF 
- chokes by-passed individually by C8 and C9. 
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TABLE 1 — Parts List* 


fee 100 W AMPLIFIER 140 W AMPLIFIER 180 W AMPLIFIER 


T1 9:1 (3:1 turns ratio) 


transformer. See text. 


T3 16:1 (4:1 turns ratio) 


01, Q2 MRF453, 


MRF460, MRF455 


D1 
“D2 


c. 


data. 


Dotted line in performance 


C1 51 pF 51 pF 82 pF 

C2,C3 5600 pF 5600 pF 6800 pF 

C4 _ 390 pF 1000 pF 

c5 ' 680 pF 680 pF 680pF 

C6 1620 pF (2 x 470 pF 1760 pF (2 x 470 pF 1940 pF (2 x 470 pF 
chips + 680 pF dipped chips + 820 pF dipped chips + 1000 pF dipped 

mica in parallel) mica in parallel) mica in parallel) 

C8,C9 0.68 UF 0.68 UF 0.68 HF 

C10. 100 wF/20 V _ 100 pF/20 V 100 pF/20 V 
electrojytic electrolytic electrolytic 

C11 500 WF/3 V 500 WF/3 V 500 wF/3 V 
electrolytic electrolytic electrolytic 

C12 1000 pF disc ceramic 1000 pF disc ceramic 1000 pF disc ceramic 

R1, R2 2x 3.9 2/% W in parallel 2x 3.6 2/% W in parallel 2 x 3.3 2/% W inparaliel 

R3, R4 2x 4.7 2/% W in parallel 2 x 5.6 2/% W in parallel 2 x 3.9 022/% W inparatlel 

R5 1.02/% W 0.5 0/% W 0.5 2/%W 

R6 1.0 k2/% W 1.0 k2/% W 1.0k2/%W 

R7 18 kQ/%W 18 kQ/%W 18 k2/%W 

R8 8.2k2/AW 8.2k2/%W 8.2k2/% WwW 

RQ 1.0 kQ trimpot 1.0 kQ trimpot 1.0 kQ trimpot 

R10 150 2/%AZW 150 2/%W 150 02/AW 

R11 1.0k2/%W 1.0 kQ/%W 1.0kQ/%W 

R12 20 82/5 W 20 0/5 w 20 $2/5 W 

L1, L2 Ferroxcube VK200 19/48 ferrite choke 

L3, L4 Two Fair-Rite Products ferrite beads 2673021801 or equivalent on AWG #16 wire each. 


L5 1 separate turn through toroid of T2. 

| 9:1 (3:1 turns ratio) 
Ferrite core: Stackpole 57-1845-24B, Fair-Rite Products 2873000201 or two Fair-Rite 
Products 0.375"" OD x 0.200” ID x 0.400”, Material 77 beads for type A (Figure 3) 


T2 6 turns of AWG #18 enameled, bifilar wire 
Ferrite core: Stackpole 57-9322, Indiana General F627-8 Q1 or equivalent. 

f 16:1 (4:1 turns ratio) 

Ferrite core: 2 Stackpole 57-3238 ferrite sleeves (7D material) or number of toroids 

with similar magnetic characteristics and 0.175" sq. total cross sectional area. See text. 

All capacitors except C12, part of C5 and the electrolytics are ceramic chips. 

Values over 82 pF are Union Carbide type 1225 or Varadyne size 14. 

Others are type 1813 or size 18 respectively. 

MRF454, MRF458, 


Dashed line in performance 
data. 


2N5989 or equivalent 
2N5190 or equivalent 
Not Used 


16:1 (4:1 turns ratio) 


| 25:1 (5:1 turns ratio) 


MRF421 


b. a. 
Solid line in performance 
data. 


*Note: parts & kits for this amplifier are available from Communication Concepts, 121 Brown St., Dayton, 
Ohio 45402 (513) 220-9677 


GENERAL DESIGN CONSIDERATIONS 


As the primary and secondary windings of T3 are 
electrically isolated, the collector dc blocking capaci- 
tors (which may also function as low-frequency compen- 
sation elements) have been omitted. This decreases the 
loss in RF voltage between the collectors and the trans- 
former primary, where every 100 mV amounts to approxi- 
mately 2 W in output power at 180 W level. The RF 
currents at the collectors operating into a 2 load are 


extremely high, e.g.: IRF =./ ss = 9.5 A, or peak 


9.5 


Similarly, the resistive losses in the collector dc voltage 
path should be minimized. From the layout diagram of 
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the lower side of the circuit board (Figure 4), Vcc is 
brought through two 1/4” wide runs, one on each side 
of the board. With the standard 1.0 oz. laminate, the 
copper thickness is 1.4 thousands of an inch, and their 
combined cross sectional area would be equivalent to 
AWG #20 wire. This is not adequate to carry the dc 
collector current which under worst case conditions can 
be over 25 A. Therefore, the high power version of this 
design requires 2 oz. or heavier copper laminate, or 
these runs should be reinforced with parallel wires of 
sufficient gauge. 

The thermal design (determining the size and type 
of a heat sink required) can be accomplished with infor- 
mation in the device data sheet and formulas presented in 
references 5 and 6. As an example, with the 180 W unit 
using MRF421’s, the Junction-to-Ambient Temperature 


+ 
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TJ-TA ens ak device). The Heat Sink-to-Ambient Thermal Resistance, 


P RgsA = Resa - (Rajc + Recs) where: Rajc = Device 
Junction-to-Case Thermal Resistance, 0.60°C/W* (from 


Ty =Maximum Allowed Junction Temperature (150°C). eae Th 1° Resist Case-to-Heat Sink 
ce Avion Tenmeratars (40°C). _ =. Therma esistance, Case-to-Heat Sink, 
Ba ee P ( ) , 0.1°C/W (from table in reference 5). . 

, 180 . > 


_ P =Dissipated Power (——) x (100 - 2 0.3 | 
: 1Ssipate ower ( 7 )x ( n) Then: ROSA = 149 = 0.60 F 0.) = 0.3959 C/W 


n = Collector Efficiency (%) 


2 _ 3 This number can be used to select a suitable heat sink 


em } for the amplifier. The information is given by most 
Tieton case eterna) ee eee manufacturers for their standard heat sinks, or specific 


lengths of extrusion. As an example, a 9.1” length of 


(R@jA) is calculated first as R@jA = 


as _ 150 - 40 _ 6 thermalloy 6153 or a 7.6” length of Aavid Engineering 
P = 148 W, and RgjA = 148. 1.49° C/W (for one 60140 extrusion would be required for 100% duty cycle, 
( 2 unless the air velocity is increased by a fan or other means. | 


Loops can be provided for current probe measurements. 


SMB 


Board Stand Off’s pees ©. a 2 


® = Terminal Pins and Feedthroughs * The Rgjc figure of 0.875°C/W given for the MRF421 js in error, 
: , , and will be corrected in the future prints of the data sheet. 
X = Feedthrough Eyelets 


FIGURE 4 — Component Layout of the Basic Amplifier 
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IMD (dB) 


Power Output (Watts, PEP) 


FIGURE 6 — Intermodulation Distortion versus Power Output 


FIGURE 5 — An Example of the IMD Spectral Display 
(c. Power Output = 180 W PEP, 30.00 MHz) 


The Two Tones Have Been Adjusted 6 dB Below the Top Line, 
and the Distortion Products Relative to Peak Power can be 
Directly Read on the Scale. 


PERFORMANCE AND MEASUREMENTS 


The performance of each amplifier was measured. 
with equipment similar to what is described in reference 
(2). The solid lines in Figures 6, 7, 8 and 9 represent 
the 100 W unit, the dashed lines represent the 140 W unit, 
and the dotted lines refer. to the 180 W version. The data 
presented is. typical, and spreads in the transistor hEE’s 
will result in slight variations in RF power gain (Fig- 
ure 7). Gi 

The performance data is also affected by the purity 
of the driving source. There should be at least 5—6 dB 
IMD margin to the expected power amplifier speci- 
fication, and a harmonic suppression of 50 dB minimum + ebrequency (Mi tl2) 
below the fundamental is recommended (7). | FIGURE 7 — IMD and Power Gain versus Frequency 

The IMD meéasurements were done in accordance 
to the E.I.A. proposed standard, commonly employed 
in Ham Radio and other commercial equipment design. 
The distortion products are referenced to the peak power, 
and adjusting the tone peaks 6 dB below the O dB line 
on the spectrum analyzer screen (Figure 5) provides 
a direct reading on the scale. 


intermodulation 
Distortion (dB) 


Power Gain (dB) 


The collector efficency under two tone test condi- 
tions is normally 15 — 20% lower than at CW. The load 
line has been optimized for the peak power (as well as 
possible in a broadband system with transformer imped- 
ance ratios of 4:1, 9:1, 16:1, 25:1, etc. available), which 
at SSB represents a smaller duty cycle, and the power 
output varies between zero and maximum. Typical 
figures are 40 — 45% and 55 — 65% respectively. 

The stability and load mismatch susceptibility were 
tested at 15 and 30 MHz employing an LC network (2) 
to simulate high and low reactive loads at different phase 
angles. The maximum degree of load mismatch was con- 
trolled by placing high power 50-Ohm attenuators | | Frequency (MHz) 
between the amplfiier output and variable LC network. FIGURE 8 — Input VSWR and Collector Efficiency versus Frequency 


Collector Efficiency 


Input VSWR 
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, “Frequency (MHz) 


_ FIGURE o= Output Harmonic Contents (Odd Order) 
versus gibi : vat 


A 2 dB attenuator limits the output VSWR to 4.5:1,3.dB 
to 3.0:1, 6 dB to 1.8:1 etc., assuming that the simulator 
is capable of infinite VSWR at some. phase angle. The 
attenuators ‘for -1.0 dB or less were constructed of a 
length: of RG-5S8A co-axial cable, which at 30 MHz has an 
attenuation of 3.0 dB/100 ft. and at 15 MHz 2.0 dB/100 ft. 
Combinations of the cable and the resistive attenuators 
can be used to give various. degrees of total attenuation. 


The tests indicated the 100 W and 140 W amplifiers . 


to be stable to 5:1 output VSWR at all phase angles, 
and.the 180 W unit is stable to 9:1. All units passed a load 
mismatch test at full rated CW power at an output load 
mismatch of 30:1, which they were subjected to, until 
the heat sink temperature reached 60°C. For this, the 
load mismatch simulator was motor driven with a 2 
second cycle periods 


Output Filtering 


Depending on the application, harmonic suppression 
of -40 dB to -60 dB may be required. This is best accom- 


plished with low-pass filters, which (to cover the entire : 


range) should have cutoff frequencies e.g. 35 MHz, 
25 MHz, 15 MHz, 10 MHz, 5.5 MHz and 2.5 MHz. 

The theoretical aspect of low-pass filter design is well 
covered in the literature (8). 

A simple Chebyshev type constant K, 2 pole filter 
(Figure 10) is sufficient for 40 — 45 dB output harmonic 
suppression. 


FIGURE 10 


50 Ohms, and C2 should be 25 Ohms. If C2 is shorted, 
the resonances of L1C1 and L2C3 can be checked with a 
grid-dip meter or similar instrument for their resonant 


frequencies. 


The calculated attenuation for this filter is 6.0 dB. 


_ per element/octave, or -45 dB for the 3rd harmonic. 


. In practice, only -35 to -40 dB was measured, but this - 


The filter is actually a dual pi-network, with each pole - 


introducing a -90° phase shift at the cutoff frequency, 
where L1, L2, Cl and C3 should have a reactance of 


NOTE: The use of these amplifiers is illegal for Class D Citizens 
band service. 


was due to the low Q values of the inductors (approxi- 
mately 50). Air core inductors — give. excellent ‘results, 
but. toroids of magnetic materials such as Micrometals 
grade 6 are also suitable at frequencies below 10 MHz. 
Dipped mica capacitors can be used throughout. - 

— If the filters are correctly designed and the ‘component 
tolerances are oF or. better, Be owe! Joss will be less 
than 1. 0 dB. a | 


SUMMARY 


The basic circuit layout (Figure 1) ane been success- 
fully adopted by several equipment manufacturers: Minor 
modifications may be necessary depending on the: avail- 
ability of specific components. For instance, the. ceramic 
chip capacitors may vary in physical size between various 
brands, and recent experiments ‘show that values 


> 0.001. UF can be substituted. with unencapsulated 
polycarbonate stacked-foil. capacitors. These capacitors 


are. available from. Siemens Corporation (type B32540) 
and other sources. Also T1 and T2 can be constructed 
from stacks. of ferrite toroids with similar material char- 
acteristics. Toroids. are: “normally stock items, and are 
available from most ferrite suppliers. . 

The above is primarily intended to give an example of 
the device performance in non- laboratory conditions, thus 
eliminating the adjustments from unit to unit. | 
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The PCB layout below is a supplement to Figure 4 and may be used for generating printed 
circuit artwork. | 3 | 


QO9AIa 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 11 — Printed Circuit Board Layout 
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LOW-DISTORTION 1.6 TO 30 MHz SSB DRIVER DESIGNS 


Prepared by... 

Helge O. Granberg 

RF Circuits Engineering: | 
GENERAL CONSIDERATION 


Two of the most important factors to be considered in 


broadband linear amplifier design are the distortion and — 


the output harmonic rejection. 

The major cause for meanedalation: aes is 
amplitude nonlinearity’ in the active element. The non- 
linearity generates harmonics, and the fundamental 
odd-order products are defined as 2f1-f2, 2f2-f1, 
3¢2-262, 3f2-2f1], etc., when a two-tone test signal is 
used. These harmonics may not always appear in the 


amplifier output due to filtering and cancellation effects, 


but are generated within the active device. The amplitude 
and harmonic distortion cannot really be distinguished, 
except in a case of a cascaded system, where’ even-order 
products in each stage can produce odd-order products 
through mixing processes that fall in the fundamental 
region.” This, combined with phase distortion —which in 
practical circuits is more apparent at higher frequencies — 
can make the distortion analysis extremely difficult ;>>* 
whereas, if only amplitude distortion was present, the 
effect of IMD in each stage could easily be calculated. 
In order to expect a low harmonic output of the power 


amplifier, it is also important for the driving source to be 
harmonic-free. This is difficult in a four-octave bandwidth 


system, even at 10-20 watt power levels. Class A biasing 
helps the situation, and Class A push-pull yields even better 
results due to the automatic rejection of even harmonics. 

‘Depending on the application, a full Class A system is 
not always feasible because of its low efficiency. The 
theoretical maximum is 50%, but practical figures are not 
higher than 25% to 35%. It is sometimes advantageous 
to select a bias point somewhere between Class AB and A 
which would give sufficiently good results, since filtering 
is required in the power amplifier output in most 
instances anyway. 

In order to withstand the high ievel of steady dc bias 
current, Class A requires a much larger transistor die than 
Class B or AB for a specific power output. There are 
sophisticated methods such as generating the bias 
voltage from rectified RF input power, making the dc 
bias proportional to the drive level.’ This also yields 
to a better efficiency. 


20 W, 25 dB AMPLIFIER | 
WITH LOW-COST PLASTIC DEVICES 


The amplifier described here provides a total power 
gain of about 25 dB, and the construction technique 
allows the use of inexpensive components throughout. 
The plastic RF power transistors, MRF475 and MRF476, 
featured in this amplifier, were initially developed for the 
CB market. The high manufacturing volume of these 


TO-220 packaged parts makes them ideal for applications 
‘up to 50 MHz, where low cost is an important factor. 


The MRF476 is specified as a 3-watt device and the 
MRF475 has an output power of 12 watts. Both are 
extremely tolerant to overdrive and load mismatches, 


‘even under CW conditions. ‘Typical IMD numbers are 


better than -35 dB, and power gains are 18 dB and 12 dB, 
respectively, at 30 MHz.. 

The collectors of the transistors are slecttically con- 
nected to the TO-220 package mounting tab which must 
be isolated from the ground with proper mounting 
hardware (TO-220 AB) or by, floating heat dissipators. 
The latter method, employing Thermalloy 6107 and.6106 
heat dissipators, was adapted for this design.. Without 
an airflow, the 6106 and 6107 provide sufficient heat 
sinking for about 30% duty cycle in the CW mode. 
Collector idle currents of 20 mA are recommended for 
both devices, but they were increased to 100 mA for 
the MRF475 and to 40 mA for the MRF476 to reduce 
the higher order IMD products and to achieve better 
harmonic SHEP ISH: 


FIGURE 1 


Biasing and Feedback 


The biasing is achieved with the well sjiowi clamping 
diode arrangement (Figure 2). Each stage has it own 
diode, resistor, and bypass network, and the diodes are 


‘mounted between the heat dissipators, being in “physical 


contact with them for temperature-tracking purposes. 
A better thermal contact is achieved through the use of 
silicone grease in these junctions. 
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R1, R4 — 10 Ohms, 1/4 W 
R2, R3 — 30 Ohms, 1/4 W_ 
R5, R6 — 82 Ohms, 3 W (Nom.) 
~ .R7— 47 Ohms, 1/4 W. 
- R8, R11 — 6.8. Ohms, 1/4 W 
R9, R10 —15 Ohms, 1/4 W 
R12 — 130 Ohms, 1/4 W 


C1 ~~ 39 pF Dipped Mica 

- C2, C3 —680 pF Ceramic Disc 
C4, C10 — 220 uF, 4 V, Tantalum 
C5, C7, C11, C13 — 0.1 uF Ceramic Disc 
C6 — 56 pF Dipped Mica 
c8, C9 — 1200 pF Ceramic Disc 
C12,C14 — 10 uF, 25 V Tantalum 


f i 


RFCS — Ferroxcube VK200 19/48 
RFC1, 2,3, 4 — 10 wH Molded Choke _ 


B — Ferrite Beads (Fair-Rite Prod. Corp. #2643000101 or 


Ferroxcube #56 590 65/3B) 
D1, D2 — 1N4001 


Q1, 
Q3, 


O02 — MRF476 
Q4 — MRF475 


T1, T2 — 4:1 Impedance Transformer 
T3 — 1:4 Impedance Transformer 


FIGURE 2* 
*Note: Communication Concepts, 127 Brown Street, Dayton Ohio 45402 (513) 220-9677 


The bias currents of each stage a are individually adjust- 
able with R5 and R6. Capacitors C4 and C10 function as 
audio-frequency ‘bypasses to further reduce the source 
impedance at the ‘frequencies of modulation. 

This biasing arrangement is only practical in low and 
medium power amplifiers, since the minimum current 
required through. the diode must exceed: IC/hfe. 
~ Gain levéling across the band is’ achieved with simple 
RC networks in series with the bases, in conjunction with 
negative feedback. The amplitude of the out-of-phase 
voltages at the bases is inversely proportional to the 
frequency as a result of the series inductance in the feed- 
back loop and the increasing input impedance of the 
transistors at low frequencies. Conversely, the negative 
feedback lowers the effective input impedance presented 
to the source (not the input impedance of the device 
itself) and with proper voltage slope would equalize it. 
With this technique, it is possible to maintain an input 
VSWR of 1.5:1 or less from 1.6 to 30 MHz. 


Impedance Matching and Transformers 


Matching of the input and output impedances to 50 
ohms, as well as the interstage matching, is accomplished 
with broadband transformers (Figures 3 and 4). 


Normally only impedance ratios such as 1:1, 4:1, 9:1, 
etc., are possible with this technique, where the low- 
impedance winding consists of metal tubes, through 
which an appropriate number of turns of wire is threaded 
to form the high-impedance winding. To improve the 
broadband characteristics, the winding inductance is 
increased with magnetic material. An advantage of this 
design is its suitability for large-quantity manufacturing, - 
but it is difficult to find low-loss ferrites with sufficiently 
high permeabilities for applications where the physical 
size must be kept small and impedance levels are relatively 
high. Problems were encountered especially with the out- 
put transformer design, where an inductance of 4 ywH 
minimum is required in the one-turn winding across the 
collectors, when the load impedance is 


2(13.6 ~ 2.5)? 
20 


2(VCE - VCEsat)” _ 
Pout 


= 12.3 ohms.*® 


Ferrites having sufficiently low-loss factors at 30 MHz 
range only up to 800—1000 in permeability and the 
inductance is limited to 2.5—3.0 wH in the physical size 
required. This would also limit the operation to approxi- 
mately 4 MHz, below which excessive harmonics are 
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FIGURE 3 


Examples of broadband. transformers. Variations of these are 
used in all designs of this article (see text). All ferrites in trans- 


formers are Fair-Rite Products Corp. #2643006301 ferrite beads.* _ 


The turns ratios shown in Figure 4 are imaginary and do not 
necessarily lead to correct design practices. 


generated and the efficiency will degrade. One possible 
solution is to increase. the number of turns, either by 
using the metal tubes for only part of the windings as 
in Figure 4B, or simply by winding the two sets of 
windings randomly through ferrite sleeves or a series of 
beads (Figures 3C and 4C). In the latter, the metal tubes 
can be disregarded or can be used only for mounting 
purposes. T3 was eventually replaced with a transformer 
of this type, although not shown in Figure 1. 

Below approximately 100 MHz, the input impedances 
of devices of the size of MRF475 and smaller are usually 
capacitive in reactance, and the Xx is-much smaller than 
the Rs, (Low Q). For practical purposes, we can then use 
the formula V(Rs2 + X,”) to find the actual input 
impedance of the device. The data-sheet numbers for 
30 MHz are 4.5, -j2.4 ohms, and we get V(4.5? + 2.47) = 
5.1 ohms. The base-to-base impedance in a push-pull 
circuit would be four times the base-to-emitter impedance 
of one transistor. However, in Class AB, where the base- 
emitter junction is forward biased and the conduction 
angle is increased, the impedance becomes closer to twice 
that of one device. The rounded number of 11 ohms must 
then be matched to the driver output. The drive power 
required with the 10 dB specified minimum gain is 


Pout/Log7’ (Gpp/10) = 2.0 W 


and the driver output impedance using the previous 


formula is 2(11.17)/2 = 123 ohms. The 11 ohms in series. 


with the gain-leveling networks (C8, R8 and C9, R11) is 
17 ohms. The closest practical transformer for this inter- 
face would be one with 9:1 impedance ratio. This would 
present a higher-than-calculated load impedance to the 
driver collectors, and for the best linearity the output load 


*Wallkill, N.Y. 12589 
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FIGURE 4 


should be lower than required for the optimum gain and 
efficiency. Considering that the device input impedance 
increases at lower frequencies, a better overall match is 
possible with a 4:1, especially since the negative feedback 
is limited to only 4 dB at 2 MHz due to its effect on the 
efficiency and linearity. 

The maximum amount of feedback a circuit can 
tolerate depends much on the physical layout, the 
parasitic inductances, and impedance levels, since they 
determine the phase errors in the loop. Thus, in general, 
the high-level stages should operate with lower feedback 
than the low-level stages. . 

The maximum amount of feedback the low-level driver 
can tolerate without noticeable deterioration in IMD 
is about 12 dB. This makes the total 16 dB, but from the 
data sheets we find that the combined gain variation for 


~ both devices from 2 to 30 MHz is around 29 dB. The 


difference, or 13 dB, should be handled by the gain- 
leveling networks. ae _ 
The input impedance of the MRF476 is 7.55, -j0.65 


ohms at 30 MHz resulting in the base-to-base impedance 


of 2 x V(7.552 + 0.652) = 15.2 ohms. This, in series with 
networks RI, Cl and R4, C3 (2 x 4.4 ohms), gives 
24 ohms, and would require a 2:1 impedance ratio trans- 
former for a 50-ohm interface. However, due to the 
influence of strong negative feedback in this stage, a 
better overall matching is possible with 4:1 ratio. The 
input networks were designed in a manner similar to 
that described in Reference 8. 
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FIGURE 5 


£0 dhe 


Component Layout Diagram of Low-Cost 20 W Amplifier 


The leads of R7 and R12 form the one-turn feedback windings in T2 
and T3. Ferrite beads in dc line can be seen located under T1 and T2. 


Measurements and Performance Data 


At a power output of 20 W CW, ali output harmonics 
were measured about 30 dB or more below the funda- 
mental, except for the third harmonic which was only 
attenuated 17 dB to 18 dB at frequencies below 5 MHz. 
Typical numbers for the higher order distortion products 
(dg and dj 1) are in the order 0. -60 dB above 7 MHz and 
~50 dB to -55 dB at the lower frequencies. These both 
can be substantially reduced by increasing the idle 
currents, but larger heat sinks would be necessary to 
accommodate the increased dissipation. | 

The efficiency shown in Figure 6 represents the overall 
figure for both stages. Currents through the bias networks, 
which are 82/(13.6 - 0.7) = 0.16 A each, are excluded. 
Modified values for R5 and R6 may have to be selected, 
depending on the forward voltage characteristics of D1 
and D2. . 

Although this amplifier was designed to serve as 
a 1.6 to 30 MHz broadband driver, it is suitable for the 
citizens band use as well. With some modifications and 
design shortcuts, the optimization can be concentrated to 
one frequency. | 5 
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FIGURE 6 


Intermodulation distortion and power gain versus frequency 


(upper curves). 


Input VSWR and combined collector efficiency of both stages 


(lower curves). . 
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R1 — 1 Ohm Trimpot 

R2 —1k Ohm, 1/4 W 

R3 — Optional 

R4, R5 — 5.6 Ohms, 1/4 W 
R6, R7 — 47 Ohms, 1/4 W 


C1, C2, C5, C6, C7 — 0.01 UF Chip 
C3, C4 — 1800 pF Chip 
- C8 — 10 KF/35 V Electrolytic 


L1, L4, L5 — Ferrite Beads (Fair-Rite Products Corp. 
#2643000101 or Ferroxcube #56 590 65/3B or equivalent) 

L2,L3 — 10H Moided Choke 

L6, L7 — 0.1 WH Molded Choke 


Q1 — MJE240 
QO2, Q3 — MRF433 


H1 —- MHW591 


T1, T2 ~ 4:1 and 1:4 Impedance Transformers, respectively. 
(See discussion on transformers.) Ferrite Beads are — 
Fair-Rite #2643006301 or equivalent) 


FIGURE 8* _— 
*Note: parts & kits for this amplifier are available from Communications Concepts, 121 Brown St., Dayton, Ohio 45402 (513) 220-9677 


The output matching is done with a transformer 
similar to that described in the first part of this paper 
(Figures 4B, 4C). This transformer employs a multi-turn 
primary, which can be provided with a center tap for the 
collector dc feed. In addition to a higher primary 
inductance, more effective coupling between the two 
transformer halves is obtained, which is important 
regarding the even-order harmonic suppression. 


28-Volt Version | 

A 28-V version of this unit has also been designed with 
the MHW592 and a pair of MRF401s. The only major 
change required is the output transformer, which should 
have a 1:1 impedance ratio in this case. The transformer 
consists of six turns of RG-196 coaxial cable wound on 
an Indiana General F-627-8-Q1 toroid. Each end of the 
braid is connected to the collectors, and the inner con- 
ductor forms the secondary. A connection is made in the 
center of the braid (three turns from each end) to form 
the center tap and dc feed. 

The MRF433 and MRF401 have almost similar input 
characteristics, and no changes are necessary in the input 


circuit, except for the series feedback resistors, which | 
should be 68 —82 ohms and 1 W. : 

In designing the gain-leveling networks, another 
approach can be taken, which does not involve the com- 
puter program described in Reference 8. Although the 
input VSWR is not optimized, it has proved to give 
satisfactory results. 

The amount of negative feedback is difficult to deter- 
mine, as it depends on the device type and size and the 
physical circuit layout. The operating voltage has 
a minimal effect on the transistor input characteristics, 
which are more determined by the electrical size of the 
die. High-power transistors have lower input impedances 
and higher capacitances, and phase errors are more 
likely to occur due to circuit inductances. 


Since the input capacitance is an indication of elec- 
trical size of the device, we can take the paralleled value 
(Xp) at 2 MHz, which is Xs + (Rs”/Xs) and for MRF433 
3.5 + (9.17/3.5) = 27 ohms. The Xp of the largest devices 

available today is around 10 ohms at 30 MHz, and 
experience has shown that the maximum feedback should 
be limited to about 5 dB in such case. Using these figures 
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as constants, and assuming the GpR is at least 10 dB, we 
can estimate the amount of feedback as: 5/(10?/27) + 5 = 
6.35 dB, although only 4 dB was necessary in this design 
due to the low AGPpF of the devices. 

The series base resistors (R4 and R5) can be calculated 
for 4 dB loss as follows: 


[(Vin x A44B) - Vin] _ [(0.79 x 1.58) - 0.79] 
fin 0.04 
= 11.45 ohms, or 
11.45/2 = 5.72 ohms each. 


Zin(2 MHz) = V(9.1? + 3.57) = 9.75 ohms, in Class AB 
push-pull 19.5 ohms. 


Pin = 20 W -28 dB = 20/630 = 0.032 W 

VRMS (base to base) = -V(0.032 x 19.5) = 0.79 V 
lin = Vin/Rin = 0.79/19.5 = 0.04 A 

AV4 dB = V[Log™ (4/10)] = 1.58 V 


The parallel capacitors (C3 and C4) should be selected 
to resonate with R (5.7 ohms) somewhere in the mid- 
band. At 15 MHz, out of the standard values, 1800 pF 
appears to be the closest, having a negligible reactance 
at 2 MHz, and 2.8 ohms at 30 MHz, where most of the 
Capacitive reactance is cancelled by the transformer 
winding inductance. 


FIGURE 9 
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Measurements and Performance Data 


The output harmonic contents of this amplifier are 
substantially lower than normally seen in a Class AB 
system operating at this power level and having a 4.5- 
octave bandwidth. All harmonics except the third are 
attenuated more than 30 dB across the band. Between 20 


and 30 MHz, -40 to -55 dB is typical. The third harmonic 
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FIGURE 10 


Intermodulation Distortion and Power Gain versus Frequency 
(Upper Curves). Input VSWR and Collector Efficiency bexejuenne 
MHW591) (Lower Curves). 


Component Layout Diagram of 
20 W, 55 dB High-Performance Driver 


The leads of D1 and D2 are bent to allow the diodes to contact 
the transistor mounting flanges. 


Note that the mounting pad of Q1 must be connected to the lower 
side of the board through an eyelet or a plated through-hole. 
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has its highest amplitude (-20 to -22 dB), as can be 
expected, below 20 MHz. The measurements were done 
at an output level of 20 W CW and with 200 mA collector 
idle current per device. Increasing it to 400 mA improves 
these numbers by 3—4 dB, and also reduces the ampli- 
tudes of ds5, d7, dg,-and dj] by an average of 10 aB, 
but at the vost of 2-3 dB higher oe 


IMD (dB) 


COCO ~ 
CCA 


POWER OUTPUT (W PEP) 


FIGURE 11 — IMD versus Power Output 


CONCLUSION 

The stability of both designs (excluding the 28 V unit) 
was tested into reactive loads using a setup described in 
Reference 8. Both were found to be stable into 5:1 load 
mismatch up to 7 MHz, 10:1 up to 30 MHz, except the 
latter design did not exhibit breakups even at 30:1 in 
the 20-30 MHz range. If the test is performed under two- 
tone conditions, where the power output varies from zero 
to maximum at the rate of the frequency difference, it is 
easy to see at once if instabilities occur at any power level. 

The two-tone source employed in all tests consists of 
a pair of crystal oscillators, separated by | kHz, at each 
test frequency. The IMD (d3) is typically -60 dB and the 
harmonics ~70 dB when one oscillator is disconnected 
for CW measurements. 

HP435 power meters were used with Anzac CH-130-4 
and CD-920-4 directional couplers and appropriate 
attenuators. Other instruments included HP141T analyzer 
system and Tektronix T1048 oscilloscope-spectrum 
analyzer comping om: 
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The PCB layouts below are a supplement to Figures 5 and 9 and may be used for generating printed 
circuit artwork. 


NOTE: The Printed Circuit Board shown is 75% of the original. 


HOG IIA 


FIGURE 13 — PCB Layout of 20 W, 55 dB 
High-Performance Driver 
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THERMAL RATING OF RF POWER TRANSISTORS 


Prepared by: 
Robert J. Johnsen 


— Reliability is of primary concern to many users of transistors. The. 
degree of reliability achieved is controlled by the device user because 


he determines the stress levels applied by his circuit and environmental 

conditions. This application note will permit the device user to estimate 
transistor reliability from the circuit designer's point of view, namely 

power dissipation and case temperature. 


Introduction 

The temperature-dependent thermal properties of 
‘silicon and beryllium oxide have been measured and 
documented by many laboratories during the last twenty 
years. Only in rare cases has this information been dis- 
seminated by semiconductor device manufacturers to the 
users. The purpose of this note is to clarify and correct 
some long-standing industry-wide assumptions which have 
been commonly maintained about thermal resistance and 
high temperature derating. 

Most manufacturer’s data sheets include a single 
thermal resistance number (RgJc) and use this number to 
calculate a linear derating constant out to some specified 
maximum junction temperature. The number cited on the 
data sheet was probably measured in the 25°C to 50°C 
range, and assumed constant over the whole range of 
temperatures up to the maximum specified junction tem- 
perature. How often have you calculated a junction. 
temperature from a data sheet, as TJ = Ta + (69JC)Pp? 
Unfortunately, the thermal resistance of silicon increases 
by 80% from 25°C to 200°C. The thermal resistance of 
BeO changes by 30%, if the case temperature goes from 
25°C to 100°C. Knowledge of the basic physical prop- 
erties of the materials and the methods used to calculate 
and measure thermal resistance will assist the device user 
in transistor selection and equipment design. 


NOTE: °K = °C + 273. 


Temperature-Dependent Thermal Properties 
Of Silicon and Beryllia 
The temperature-dependent thermal conductivities of. 
silicon and beryllium oxide are seen in Figures 1 through 
3 and Table 1. The temperature ranges are somewhat 
wider than are necessary for typical transistor operation, 
but are shown to emphasize the wide variation in thermal 
conductivities. Fulkerson et al3 tabulate the values for 
thermal conductivity. and resistivity of silicon from 
100°K to 1350°K (see Table 1), and they find that the 
thermal resistivity of silicon as a function of temperature 
can be estimated by a linear approximation. over the 
temperature range shown. 


(400 - 660°K) _ 
(1) 


1/k = -0.1171 + 2.954 X 10-3 T (°K) 
(600 - 1050°K) 
1/k = -0.9609 + 4.229 X 10-3 T (°K) 


Q. 
A similar least-square fit to Fulkerson’s data over the: 
range 200 to 700°K, within 1%, is given by: 
~ (200 - 700°K) ne 

1/k = -0.2286 + 3.1683 X 10-3 T (°K) (3) 
Similarly for beryllia, one can fit the data of Elston et 
al2 over the range of 200 to 800°K, with equation (4). 

(200-800°K) 

1/k = 1.943 X 10-5 T (CK)1.7 (4) 


where k is the thermal conductivity in units of watts/cmK. 
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TABLE 1 — Smoothed Data for Thermal Conductivity and FIGURE 1 — Temperature Dependent 
Resistivity of Silicon (Ref. 3) . Thermal Conductivity of Silicon (Ref. 1) 


Smoothed ORNL Values 


W = 1/k 
(cm deg W-1) 
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FIGURE 3 — Thermal Conductivity 


FIGURE 2 — Thermal Conductivity of BeO (Ref. 2) 
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Geometric Factors and Thermal Resistance Calculation | 

The thermal resistance of most silicon RF transistors is 
controlled by the bulk properties of silicon and beryllium 
oxide, geometry of the heat generating (base) areas, and 
the temperature of the heat sink (case). The interfaces 
generally are well behaved and contribute little to the 
overall total thermal resistance if the device, die and 
package elements are assembled and handled properly. 

Die temperature calculations are performed in. two 
steps. The first uses the method of Linsted and Surtey4 
to calculate the temperature distribution of a die by using 
a double Fourier series solution to Laplace’s equation. 


Figure 4 shows the device geometry and some of the 


boundary conditions. Equation (5) will calculate the 
temperature rise at any (x,y,z) point in the die, where 
A,B,C,D,F are die and heat-generating area boundaries. 
Q is the heat input in watts, and k is the thermal conduc- 
tivity of the material in watts/cm°K (Linsted’s equation). 


2BC 


2 (- x) c= 


ae Oe 


ca QO\ /2AD 1 — exp [2nr(F — z)/A| _ (nrC\ NmK 
eaten a ad 
n=l K/ \n?n?’B 1+ exp (2naF/ A) | A A 


resistivity. The calculated thermal resistance of the 
beryllia piece (from the previous section) is mathematically 
divided into fifty layers, each with 1/50 of the total BeO 
thermal resistance. The first layer at the bottom is 
assumed to have its temperature at the heat-sink ambient 
with its thermal resistance value corrected to the proper 


temperature using the equations for the temperature- 


dependent resistivity. The power flux through the first . 
layer then leads to its temperature rise, and this new 
temperature determines the thermal resistivity value for 
the second layer. Its temperature rise is calculated, and so 
on, until the result for the top surface of the fiftieth layer 
gives the temperature rise above the ambient for the 

beryllia piece. Tae 
_ The same method is used for the silicon die, using the 

beryllia top surface temperature as the starting point, © 


and correcting the thermal resistance of each of fifty 


layers based upon the temperature of the layer directly 


(5) 


where 
n\? m\2 
“[G)+G)} 
A B 

The Fourier series solutions are amenable to computer 
calculation and converge adequately within ten to twenty 
terms. Figure 5 shows the treatment of multiple base cell 
transistors. Lines of symmetry between adjacent base cells 
are considered to be adiabatic die boundaries as assumed 
by Lindsted. The power dissipated is assumed to be 
equally shared among the several base cells. The result of 
this calculation is the temperature rise of the silicon chip, 
assuming a constant thermal resistance for bulk silicon. 
The same model is used to calculate the temperature rise 
for the beryllia piece, using the silicon die area as the 
power dissipating area for the beryllia, again assuming 
the thermal resistance of the beryllia as a constant. The 
thermal resistances of the silicon die and the beryllia 
substrate are in series, so adding the above numbers gives 
a value for the thermal resistance of the device at a 
particular temperature and a power level low enough to 
avoid the effects of the temperature variations of the 
respective thermal resistances. 

The second step in the thermal resistance calculation 
takes into account the temperature-dependent thermal 


y= 


(=) ; (=) (~ 
sim cos 
A B fs A 


en) 


beneath it, until the top surface of the silicon die result 
gives the calculated die temperature for that particular 
case of ambient temperature and power dissipation. The 
results of these calculations indicate that the thermal 
resistance of a given device is not a constant number, but 
is a function of the dissipated power and the ambient . 
(case) temperature. Another result is that the junction 
temperature of a device dissipating power will rise more 
than 1°C for a 1°C rise in ambient temperature, because 


of the increase in thermal resistance. Figures 6 through 9 


show the calculated thermal resistance and die tempera- 
ture for several different devices as a function of ambient 
temperature and power dissipation. 
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FIGURE 4 — Model for Heat Flow 
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FIGURE 5 — Array of Base Areas in a Silicon Die 
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POWER DISSIPATED, WATTS 


POWER DISSIPATED, WATTS 


FIGURE 6 — Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperature 


Geometry — 6TH 
BeO Thickness -- 60 mil 
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— — — Junction Temperature 
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FIGURE 8 — Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperature 


Geometry - 9NL 
BeO Thickness — 60 mil 
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FIGURE 7 — Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperature 


Geometry — 5NN 
BeO Thickness — 60 mil 
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FIGURE 9 — Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperature 
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Experimental Verification . 
Of Calculated. Die Temperature 

Actual temperature measurements are made with an 
infrared microscope, Barnes Eng. Co. Model RM2A. This 
instrument uses an indium antimonide diode photo- 
detector at liquid nitrogen temperatures to measure the 
infrared radiance emitted from a 1.5 mil spot on the 
surface being examined. The IR radiance versus tempera- 
ture curve is calibrated by measuring the radiance at 
various known temperatures monitored by a calibrated 
thermocouple while the device is heated by external 
means. An experimental calibration is necessary because 
the radiance output of the device at a given temperature is 
a function of the average emissivity in the area seen by 
the microscope, and this average emissivity is a function 
of the geometry and processing history of the device 
in question. The effective emissivity depends upon the 
relative amounts of metal and silicon and the infrared 
transparency of the varying thicknesses of SiO? glass 
in the field of view. The calibration data of radiance 
versus temperature can be least-squares curve fit to an 
equation of the form T = (A)(R)?, where A and b are the 
fitted constants, and R the measured radiance. 

The device is then powered up in its circuit, and the 
radiance data collected point-by-point around the surface 
of the silicon die. A computer program inputs the array 
of radiance data, calculates the actual temperature from 
the calibration equation, and prints a map of the tem- 
perature profile, as well as some statistical information 
about the temperature distribution. 


FIGURE 10 — Actual vs Calculated Die Temperatures 
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Figures 10 through 12 are plots showing the cor- 
relation of measured to calculated temperature for several 
geometries, under various conditions of flange tempera- 
ture (30°C to 150°C), supply voltage, drive power, and 


FIGURE 11 — Actual vs Calculated Die Temperatures 
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BeO Thickness — 60 mil 
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FIGURE 12 —~— Actual vs Calculated Die Temperatures 
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BeO Thickness — 40 mil 
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output load magnitude and phase angles from 50 £2 to 
over 30:1 VSWR. The calculated temepratures seem to be 
somewhat higher than measured at the higher power 
levels. The calculated temperatures are based on the 
calculated power dissipation, disregarding RF losses in the 
actual loads and circuits. 


Metal Migration and Mean Time to Failure 

The calculated/observed temperature agreements are 
seen to be close enough so that the calculated temperature 
can be used as the basis for reliability calculations of Mean 
Time Before Failure (MTBF) for metal migration based 
upon Black’s> work. 3 


MTBF = (¢t0ss section) 
[2- f(T°) 


Equation (6) is the equation used for calculating metal 
migration lifetime, where the cross section refers to the 
conducting stripe dimensions in cm2, and I is the current 
in the stripe in amps. f(T®°) is an Arrhenius function of 
the stripe material, having the form: i 


f(T°) = B exp(- ¢/KT) 


(6) 


(7) 


The material dependent parameters B and @ are shown in 
Table 2. K is Boltzman’s constant, and T is in degrees 
Kelvin. A series of graphs (Figures 13 through 16) have 
been constructed, one for each device, that present the 
results of the calculations of device temperature and 


FIGURE 13 — Metal Migration — MTBF 


Geometry — 6TH 
“  Metalization — Large Crystal Glassed Al’ 
Finger Dimensions: Width — 0.5 mit 
Height - 1.54 
BeO Thickness ~.60 mil 
Operating Conditions: Vcc = 12.5 V 
n= 50% 


= 


MTBF (YEARS) 


MTBF as a function of power and ambient temperature. 

The temperature lines are valid for any combination of 
supply voltage, efficiency and drive power, by reading the 
power axis as power dissipated. The MTBF lines, because 
of the current dependence, have been constructed based 
upon the assumptions of 12.5-volt supply and 50% effi- 
ciency, so that the power axis should be interpreted as 
output power. It is possible to use the MTBF set of lines 
at other conditions. Enter the graphs by reading the 
power output parameter as power dissipated, and find the — 
MTBF, then scale the MTBF by the ratio square of 
the n = 50% current to the actual current. 


| 7 1@n=50%\2 
MTBE = MTBF (f. hy xX (= 8 
TBF (from graph) ( Tachi ( ) 


TABLE 2 — Material Dependent Parameters 


Large Crystal Glassed Aji 8.5 x 10-10 1.2 
(Ref. 5) 

Al-2% Cu Alloy 79x 10717 
(Ref. 6) — 


FIGURE 14 — Metal Migration — MTBF 
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FIGURE 17 — Geometry Code to Standard Part Cross-Reference 


Geometry] 125 | S28] 80 Vcc v) | 
Cer | waraai | waraze | [Marazeal 


MRF243 MRF316 
MRF453/A 
f MRFE455/A 
MRF460 
ONL | MRF245 MRF463 | MRF317 
| MRE454/A | MRE464/A 
6TH MRF648 MRF327 
MRF328 
To Scale Metal Migration MTBF 


From 12.5 V to Other Operating Voltages 


Keeping Pp and 7 constant, then the current for 28 V 
operation compared with that for 12.5 V_ operation 
is given by: 


112.5 X 12.5 = 19g X 28 


MTBF (YEARS) 
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the MTBF at 12.5 V is: 


FIGURE 16 — Metal Migration — MTBF 
28 


fae a MTBF 8 = MTBF12.5 X a5 
Metalization ~ Large Crystal Glassed Al 
poe _ MTBF 2g = MTBF 12,5 X 5.02 
sie en oe Similarly, for 50 V operation: 

10,000 . MTBF59=MTBF12.5 X 16. 


Conclusion = 
We have discussed the elements of thermal resistance 

and metal migration lifetime with particular attention 
paid to their variation with temperature as functions 
of power dissipation and ambient temperature. 
Graphical presentations of the results are included 
which should be useful to the device user who is interested 
in better reliability in his application. — 


MTBF (YEARS) 
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A SIMPLIFIED APPROACH TO 
VHF POWER AMPLIFIER DESIGN 


Prepared by - 
Helge O. Granberg 
RF Circuits Engineering 


This note discusses the design of 35-W and 75-W VHF linear 
amplifiers. The construction technique features printed induc- 
tors, the design theory of which is fully described. Complete 


constructional details, including a printed circuit layout, facilitate 
easy reproduction of the amplifiers. 


Solid-state VHF amplifier design can be simplified by 
employing printed or etched lines for impedance match- 
ing. The lines, having a distant ground-plane reference 
and high Z,, can be treated as lumped constant induc- 
tors, and-make design and duplication easier than with 
wire-wound inductors. 

An example is an optimized 35-W iplitiek which 
yields over 10 dB of power gain across the 2-meter 
amateur band. It employs an inexpensive, non-internally 
matched transistor, the MRF240, which has good linear 


characteristics for SSB operation. 

A higher power version with the same board layout is 
concentrated around the MRF247, although this results 
in some compromise in the impedance matching. 

A carrier operated T/R switch (COR) is incorporated, 
allowing applications such as a: booster amplifier for 
hand-held and mobile radios. 

- Both designs are biased class AB for linear operation, 
but are suitable for FM operation as well. pee Bue 1 shows 
the two amplifiers. pa, ag 


FIGURE 1 — 35-watt and 75-watt Engineering Models 
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GENERAL 

VHF solid state amplifier design is almost exclusively 
done with lumped constant LC matching networks. 
Broadband transformer matching is feasible when ex- 
tremely wide bandwidths are required. Transmission lines 
for impedance transformation usually require quarter- 
wave electrical lengths and make designs bulky at VHF 
unless materials with high dielectric constant are used. 
Transmission lines can be realized with coaxial cable or 
printed lines (strip-lines) on a circuit board with a con- 
tinuous ground plane, separated by a suitable dielectric 
material. The printed airlines discussed here are, in fact, 
high characteristic impedance transmission lines which, 
for the purposes of design calculation, are treated as 
inductors; therefore the quality of the board material is 
less critical. The printed airlines also have the advantage 
of repeatability and easy access for designing multi- 
element networks. The network calculations can be done 
in the same manner as if lumped-constant, round-wire 
inductors were used. 

Input and output impedance matching in transistor 
amplifiers is required to transform the source impedance 
(usually 50 ohms) to the low complex input impedance 
of the device. The output load impedance, which is a 
function of the supply voltage and power level, must 
also be matched to a 50-ohm load except in multistage 
driver designs. 


At VHF, the input and output impedances of a power 
transistor are both usually inductive in reactance (desig- 
nated.as +JX in data sheets), becoming capacitive (-JX) 
at lower frequencies. For transistors such as MRF240, 
2N6084 and 2N5591, the crossover point is around 
100 MHz. This is determined by the transistor die size, 
geometry and package type, and smaller devices can be 
capacitive up to UHF frequencies. 

Since the bandwidth required here is only a fraction 
of an octave, (140-150 MHz) the impedance matching 
can be adequately done with two section networks. In 
Figure 2, X , which represents the +J input of the 
MRF 240 transistor is not part of the external input 
matching network. Cy and C¢ are dc blocking capacitors 
with measured parasitic inductances of close to 12 nH at 
the center frequency when the lead lengths are 0.1 inch. 


These inductances, as well as the relay inductance, are 
added to the values of Lj and Ls. 

If the relay were used in a 50-ohm system, it would 
result in 0.3 dB power loss due to impedance mismatch 
and losses. This can be minimized if the relay inductance 


is used as part of a resonant circuit, but the series in- 


ductance (37 nH per contact pair) obviously places an 
upper frequency limit. 

The simplest approach to matching network design is 
with a purely resistive source and load. This can be 
accomplished by compensating the +J with an equal 
amount of capacitance (—J). C3 and Cy are used to 
accomplish the compensation in Figure 2. This is not 
always practical, however, especially when maximum 
bandwidths are required. In this case, only part of the 
inductive component may be cancelled, leaving the base 
and collector still inductively reactive. In either case, it 
may be considered that part of the impedance-matching . 
occurs within the device package itself; this is more 
obvious with internally matched devices, which are dis- 


cussed later. 


35-W LINEAR AMPLIFIER 
- The MRF240 was chosen for this application due to 
its ruggedness against load mismatch and inherently high 
power gain for a non-internally matched device. The 
transistor is rated for an output power of 40 W and 
a power gain of 8 dB at 175 MHz. A typical power gain 
at 145 MHz is 10 to 11 dB. At this frequency the input 
and output impedances of the MRF240 are 0.6 +J 0.8 
ohms and 2.0 +J 0.1 ohms respectively (Py, = 35 W). 

Before designing the matching networks, the values 
of C3 and C4 must be established to cancel the inductive 
reactance components at the base and the collector. For 
the input, the series numbers 0.6 +J 0.8 must be con- 
verted to parallel equivalent values, either by using a 
Smith chart or equations in references 3 and 4. The re- 
sulting equivalent values are: Rp = 1.67 ohms, Xp = 1.25 
ohms or 880 pF. | | 

All capacitors have a series inductive reactance com- 
ponent, normally called parasitic inductance. It could be 


~ only a fraction of a. microhenry, but at VHF its effect is 


large enough to be taken into consideration. The para- 


FIGURE 2 — Impedance Matching Network for 35 watt VHF Amplifier 
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sitic inductance results in an increased effective value 
of capacitance, and is frequency and impedance-level 
dependent. | 

_ The unencapsulated mica capacitors, widely used in 
VHF power applications, range from | to 2 nH in para- 
sitic inductance for a single plate type, (up to 360 to 
390 pF nominal values) depending on the mounting 
technique. Assuming a parasitic inductance of 1.5 nH, 
the equivalent low-frequency value can be calculated 
with Equation..1 as: 


C 
+ [(Qnf)? LC] 10° 


CEquiv = () 


where C = effective capacitance required in pF 
L= parasitic inductance in nH 
f= frequency in MHz 


Substituting the values in equation (1): 


| 880 
1 + [(910)? X 1.5 X 880] 10° 


CEquiv = = 420 pF 

Thus, for the required 880 pF, a capacitor of this 
type with equivalent low-frequency value of 420 pF, or 
the closest standard (390 pF), should be used. 

Similarly, converting the output impedance (2.0 +J 
0.1 ohms) to parallel form, Rp = 2.01 ohms and Xp = 
+J 26.8 ohms. The Xc represents a capacitance value of 
47 pF for Cg (from Equation 2), or a 43 pF nominal 
value. 


_/1\ 10° 
Qant 


where Xc = capacitive reactance in ohms 
C = capacitance in pF 
f= frequency in MHz 


(2) 


This high reactance in parallel with the low collector 
impedance had no noticeable effect and was completely 
omitted in later functional tests of the unit. It would be 

easy to see from a Smith chart that the resistive com- 
ponents of 1.67 ohms and 2.01 ohms remain unchanged, 


and can be treated as a purely resistive load and source — 


for the matching network calculations. 

At high frequencies the base-emitter impedance of 
the transistor die itself is always lower than the collector 
output impedance. With power devices, both can be 
only a fraction of an ohm. The input impedance is in- 
creased by the base and emitter bonding wire and package 
lead frame inductances, which are effectively in series 
with the transistor base (Figure 2, X, and X4). The 
collector has normally much less series inductance since 
it is attached directly to the package bonding pad. 

From this it can be seen that part of the matching 
network is actually built into the transistor package, and 


it is obvious that the amplifier bandwidth cannot be 
accurately determined by calculating the Q values of the 
external matching networks. (See the discussion of a 


- 75-W linear amplifier.) 


As an approximation, the 3 dB bandwidth can be used 
to obtain a starting point. Assuming a 15 MHz band- 
width at +1.5 dB is desired at 145 MHz center frequency, 
a loaded Q of approximately 9 is required. For sim- 
plicity this number is applied to both input and output 
network design. 

In Figure 2, Xy and X5 represent the inductive im- 
pedance component of the transistor and are shown only 
to give an idea of the transistor internal structure. The 
values of Ly, Ly and Cy can be obtained from the 
Appendix, or calculated by using Equation 3: 


XL; =RcoB 
ee Ry, Q 
XC = O+B (3) 
A=R, (i+ Q? ) 
B= ys - 1 
Rg 
where Rg = source impedance 
Ry = load impedance 
For Q=9: 
XL; = RgB = 50 X 1.32 = 66 ohms 
XLy = RL Q= 1.67 X9= 15 ohms - 
ee. ee co ee 
XC> = O+B 9+132 13.3 ohms 
A= 1.67 (1 + 9?) = 137 
B= J—A_ =132. 
50-1 
where Rg = 50 ohms, Ry, = 1.67 ohms 
a _ (XL \10° 
sce ( at (4) 
where XL= inductive reactance in ohms 


L = inductance in nH 


_ f= frequency in MHz 


we have from Equations 3 and 4: 


Lj = 73 nH 
Ly = 16 nH 
C> = 82 pF 
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Subtracting the relay inductance (37 nH) and the 
parasitic inductance of the blocking capacitor C; (12 nH) 
from the total value of Ly, L;' = 24 nH. This means the 
total printed line inductance must be Ly + Ly = 24 + 16 
= 40 nH. 

Calculating the values of the output network in a 
similar manner, the values for L4, Ls and Cs are ob- 
tained as 20 nH, 83 nH and 70 pF, respectively, and Ls’ 
becomes 34 nH. 

The capacitors enuléves for Cy and Cs are of the 
Same unencapsulated mica type as C3, but smaller in 
size, and their parasitic inductance is only about | nH. 
The equivalent values for Cy and C5 would then be 
77 pF and 66 pF according to Equation 1. These are 
nonstandard values, and considering a 5% tolerance, a 
68 pF marked value can be used for both. 

Inductors L;, Ly, Lg and Ls are comprised of etched 
lines on the circuit board. To determine their widths 
and lengths, the inductance of each line per unit length 
must be established. From the tables in the Reference 
section, it can be extrapolated that the inductance of 
#25 round wire is 24 nH per inch and #26 wire nearly 
26 nH per inch. When a ground plane is 0.15 inch below, 
which in this case is the heat sink, and the side grounds 
are off an equal distance, the inductance is about one- 
half of this, which has been verified by measurement. 

If the circuit board is made of l-ounce, copper-clad 
material, (one ounce of copper per one square foot) the 
copper thickness is 1.4 mils. With a one mil solder 
plating, the total thickness is 2.4 mils, and a 100-mil-wide 
strip would be equivalent to a #26 round wire having a 
240 square mil cross sectional area. Similarly, a 130-mil- 
wide strip would be equivalent to a #25 round wire with 
312 square mil area. A wider line would have lower 
losses but would also be physically longer for a given 
inductance. As a compromise, a narrow line was used for 
the input in this design, and a wider line for the output, 
where the losses due to the high RF currents are more 
evident. Bends in the line have a minimal effect to the 
inductance compared to the presence of the ground 
plane. 

From the above, the resulting inductances for the 
100 mil and 130 mil lines are 13 nH per inch and 12 nH 


per inch, respectively. This means that for Lj + Ly a 
total length of 3.1 inches is required, and 4.4 inches for 
L4 + Ls’. Then, for Ly = 16 nH, C9 should be located 
1.3 inches from the transistor base along the input line. 
For Lg = 20 nH, Cs should be 1.6 inches from the 
collector along the output line. The Power Output and 
Efficiency vs. Power Input of the 35-W amplifier is 
shown in Figure 3. : 


FIGURE 3 — Power Input vs. Power Output and 
Collector Efficiency of 35-W Amplifier 


Pout, POWER OUTPUT, CW (WATTS) 
n, COLLECTOR EFFICIENCY (%) 


Pig, POWER INPUT (WATTS) 


75-W LINEAR AMPLIFIER 

The MRF247 employed in this design is a version of 
the well-known MRF245, which has been reprocessed to 
improve the linear characteristics. It is a much larger 
device than the MRF240, resulting in lower input and 
output impedances. However, it employs internal base 
matching with a built-in MOS capacitor to bring the 
base impedance up to a level where external low loss 
matching networks can be realized. 


In Figure 4 the dashed line encircles the specially 
designed T matching network, including the metal oxide 
capacitor X4. Xj, Xz, and X3 represent the bonding 
wires whose inductances can be varied by controlling 
the loop heights. This network will be part of the total 
matching network designed to match the transistor to 
function in a practical circuit. 


FIGURE 4 — 75-Watt Amplifier Impedance Matching Network 


f 
Cc, L, 


37 nH 


Relay Cg 
37 nH 12 nH 
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Underside View of 75-W Amplifier 


The internal matching still leaves the input Enpenancs 
inductively reactive. 

The MRF247 input impedance under forward biased 
conditions (100 mA) is 0.45 +J 0.85 ohms at 145 MHz, 
which translates to 2.06 +J 1.08 ohms in parallel form. 
A capacitive reactance of -J 1.08 ohms, converting to 
1018 pF is required for C3. The nominal value equiva- 
lent value, using Equation 1, is obtained as 450 pF. 

Since the remaining resistive component of the base 
impedance (2.06 ohms) is only slightly higher than that 
of the MRF240, only minor changes in the input match- 
ing network are necessary. When L, + L» is fixed, and 
only their ratio can be varied, the resulting Q will be 
lower for the increased Ry. If only Lj + Ly is known, 
the Q can be calculated with Equation 5 as: 


_[4Xq? + (Rg’/RL_ + Xp?/Ry- Rg) 4(Rg - Ry)". a 


2(Rs - Rp) 
6) 


where 
XT = XL] + XL) or XL4 + XL¢ 


Rg = source impedance Reverse for output 


Ry = load impedance network calculations 


Therefore, 


Q= Vv [26244 + (1214 + 3185 - 50) (192)] - 162 


95.88 


_ 928-162 _ 
OF gag 


Q=8 


where 
Xp = XL + XL» = 81 ohms 
RS = 50 ohms 
RL = 2.06 ohms 


Then, with Equations 1, 2, 3 and 4, the values for Ly, 
Ly and C> canbe calculated as: Ly = 71 nH, Lz = 18 nH, 
Cy = 63 pF (56 pF nearest standard). The position of C5 
will be approximately 1.6 inches from the transistor base. 
(See line inductance calculations in the discussion for 
the 35-watt amplifier.) 

The measured output impedance of MRF247 is 0.65 
+J 0.45 ohms, which is much lower and more reactive 
than the values shown for MRF240. The output match- 
ing must also be done with the existing total line in- 
ductance, (L4 + Ls) and it can be expected that a higher 
factor of compromise in the output matching is evident 
regarding the network bandwidth. 

The above impedance numbers convert to 0.96 ohms 
resistive and -J 1.39 ohms reactive in parallel form. Since 
-J 1.39 ohms = 790 pF, a nominal value of 400 pF (C4) 


_is required at the collector. To find the Q: 


XT = 94 ohms (XL4 + XLs) 
Rg = 0.96 ohms 
Ry, = 50 ohms — 


Then: 
Q = 13.7 (Eq. 5), and: 
L4 = 13 ohms = 14 nH 
Ls = 81 ohms = 89 nH 
C5 = 11.8 ohms = 93 pF 
A practical value of 82-91 pF can be used for Cs, 
and it should be located 1.1 inches along the output line 
from the collector, to give the above inductance values 


for Lg and Ls. 
Although the output Q is higher than the value calcu-. 


lated earlier for the 40 W unit, the total bandwidth of 


this version is increased as shown in Figure 7. The input 
matching network is usually dominant in determining 
the total bandwidth since the impedance transformation 
required is greater than the output requires, although the 
output circuit also has secondary effect. The internal 
matching elements of the device further make the total 
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effective Q even lower than the calculated value, which 
in this case was 8. The higher output Q usually results in 
higher collector efficiency and better harmonic suppres- 
sion, but at the same time the circulating RF currents 
will increase, resulting in higher overall circuit losses 
which is especially noticeable at increased power levels. 


These factors are difficult to determine without know- 


ing all the internal transistor parameters. 


FIGURE 5 — Power Input vs. Power Output and 
Collector Efficiency of 75-W Amplifier 
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CLASS AB BIASING AND 
OTHER CONSIDERATIONS 
The biasing system, as seen in Figure 6, uses a forward 


Elecromotive Corp. (ELMENCO) *Type MCMO01/010 
Lauter Avenue **Type EMJ10 
Florence, S.C. 29501 


FIGURE 6 


5022 Line 
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biased transistor, Qj, to provide a voltage source of 0.6 
to 0.7 volts. When the collector is connected to the base, 


a second current path is formed, decreasing the base 
. current according to the hpp, and thus lowering the 


voltage drop across the base-emitter junction. In this 


- manner the voltage drop can be adjusted by selecting 


the appropriate hpp for Qy. For the 2N5190 series hp 
is typically in the range of 80-100, although the mini- 
mum spec is 20-25. | 

Typical’ hpp’s for the MRF240 and MRF247 are 
50-60, and the worst case collector currents around 4A 


-and 9A respectively. The minimum base currents re- 


quired, Ip(Q>) are 80 mA and 180 mA (Ic¢/hpR). 


pee Yec= Yar (2) 

2 Tg Q3) 
The bias, which should not exceed 50 mA for MRF240 
and 150 mA for MRF247, can be further adjusted by 
varying the value of R>, but the minimum Ip(Q)) should 
be maintained. 

It should be noted that since Q»5 is attached to the 
heat sink for temperature tracking purposes, its collector 
must be electrically isolated from the ground. The ano- 
dized surface of the heat sink is normally sufficient, or a 
separate insulating washer can be employed. 

The 0.3 dB relay insertion loss mentioned earlier 
amounts to a VSWR of 1.7:1. However, the reflected 
power is only 0.2% (VSWR = 1.1:1) in a straight-through 
mode (receive), indicating that most of the relay losses 
are due to contact resistance and the dielectric insula- 


= 160 ohms and 75 ohms. 


PARTS LIST 

Cy, Ce, Ciz3 ~ 1000 pF, 300 V dipped mica 
Cy — 56 pF or 68 pF *, see text 

Cz, Cy — 390 pF or 470 pF **, see text 
Cy — 68 pF or 91 pF *, see text 

Cz — 1000 pF ceramic chip or small disc 
Cg — .01 uf ceramic disc 

Co — .1 uf ceramic disc 

Cig - 220 uf/6 V tantalum 

C44 — 3 pF dipped mica 

Cio — 10 pf/25 V tantalum 

Ry - 10 ohms/% W carbon 


Ro — 120 to 200 ohms/3 W 


R3 ~ 3.3K/% W carbon 


Q, —~ see text 

Q> — 2N5190 

Q3 — 2N4401 

D, ~ 1N914 or 1N4148 

Dz — 1N4001 

La, Lo, La Le — see text 

Lz —12T AWG #16 enameled wire, 
”%" 1D. 

Le — 10 wh, molded choke 

L5 — .33—1.0 wh, molded choke 

RL — Arrow M, NF2-12 or equivalent— 
‘OMRON, LZN2-UA-DC12 
or equivalent 


Standex Electronics * Type 3HSO0O6 
P.O. Box 67 
Casey, Ill. 62420 


**T ype J-101 
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tion resistance, rather than impedance mismatch. 

Both amplifier designs may be employed in FM appli- 
cations without modification. The bias networks may be 
omitted and Lg connected to ground, which modifies 
the operation to Class C. The increased input impedance 


of the device operating class C results in increased input - 
_ VSWR, but it will still remain less een 1 .:1 for the 


145-150 MHz band. 


FIGURE 7 — IMD vs. Power Output , 
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The two amplifiers may be connected in cascade to 
provide a total power gain of around 20 dB; however, 
an attenuator of 4 to 6 dB is required between the two 
units to prevent overdrive of the MRF247. Since 10 to 


- 20 watts will be dissipated in the attenuator, it cannot | 


be - built from. discrete - resistors. Most convenient, size 
and costwise, are the thin film attenuators such as those 
manufactured by Pyrofilm. _ 

~ The COR circuit requires 400 to 500 mW for the 


relay to switch. At this drive level, without the attenu- 


ator, the second amplifier would already produce full 
power output. 

The COR (Figure 5) incorporates one of the Satan 
circuits popular with mobile add-on amplifiers. Part of 
the RF input signal is being rectified by D,. The dc turns 
on Q3 which activates the relay. L7 and R3 provide the 
bias for. Dy. and Q3, and D> suppresses inductive tran- 
sients produced ‘by the relay coil inductance. A time 
constant for SSB operation is provided by C17, whose 
value can be changed according to individual require- 
ments. For FM this capacitor can also be omitted along 
with the bias network. 

The repeatability of these amplifiers has been proven 
by constructing more than half a dozen units. Capacitors 
Cz and Cs were simply located within the marked areas 
on the circuit board (see Figure 9 and the photograph). 
On these capacitors, 20% tolerances can be allowed, but 
this may result in adjustments of each individual unit 
for optimum performance. 
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FIGURE 9 — Component Layout Diagram of 35W and 75W Amplifiers 
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FIGURE 10 — Printed Circuit Board Layout 


APPENDIX 


| This information was originally published in Motorola 
Application Note AN-267, “Matching Network Designs with Computer Solutions.” 


; _ NETWORKD — = | 
The following is a computer solution for an RF “Tee” for Cy. Variable matching may also be accomplished by 
matching network. | | | 7 increasing Xz and adding an equal amount of Xc in 
Tuning is accomplished by using a variable capacitor series in the form of a variable capacitor. . . 


TO DESIGN A NETWORK USING THE TABLES 
1.. Define Q, in column one, as Xz 4/Ry. 


2. For an Rj to be matched and a desired Q, read the 
reactances of the network components from the 
charts. 


3. Xz’ is equal to the quantity X_j obtained from 
= = the tables plus IXCoy il: 


—=- Device to 
be Matched 


4. This completes the network. 


MOTOROLA RF DEVICE DATA 
7-155 


ANZ! 


1011.19 
1060.66 
1107.93 


POM MDD DDD NWMDDNDMNDMDNDDWDDDDDDDDDDDNDDDDDDDDDDDHODNODDHDDMDDHDDNDNDHDMDMDMDMMMO 
OODDDOGOOODODOHDDODODDODODDODDOHODDONDODONOHDOHODODDODNODNDONDOODODODHHOONDHOOMO 


MOTOROLA RF DEVICE DATA 
7-156 


AN793 


“A 15-WATT AM AIRCRAFT TRANSMITTER POWER 
AMPLIFIER USING LOW-COST PLASTIC TRANSISTORS” 


_ Prepared by 
Dave Hollander 


INTRODUCTION © 

This application note describes: a 15 watt carrier. power, 
-amplitude modulated broadband amplifier covering the 
~ 118-136 MHz AM aircraft band. Simplicity and low cost 
are emphasized in this design through the use of 
Motorola’s common emitter TO-220 VHF power tran- 
sistors. The power amplifier is designed to operate from 
13.5 VDC. High level AM modulation is accomplished by 
a series modulator operating from a 27 volt supply. 


CIRCUIT DESCRIPTION 

The transmitter power amplifier has three stages using 
an MRF340 transistor as a pre-driver, a MRF342 as a 
driver, and a MRF344 as the final amplifier. All three 
devices are common emitter where the mounting tab is 
the emitter. The pre-driver stage is forward biased to 
enhance linearity and dynamic range. Amplitude modula- 
tion is applied fully to all three stages. 

The P.A. is: designed to Oper with 50 ohm source and 
load impedances. - 


~ DESIGN CONSIDERATIONS + 

- The design objectives aré that the transmitter must be 
capable of: operating over the range ‘of 118 to 136 MHz 
with a minimum cartier output power of 15 watts. It must 
also be capable of being amplitude modulated greater than 
+85% over the frequency range, and the transmitter 
should be free from instability. _ 


Other important considerations involve the interstage 


and the output networks. The output network is to 
operate efficiently at. both the. carrier power of 15 watts 
and the peak power of 60 watts while providing harmonic 
suppression. The interstage networks transform the out- 
put impedance of the device to the input impedance of 


FIGURE 1 — Modulated Output Waveform of Power Amplifier 


i = 136 MHz. Pearrier = 15 Watts (2 cms) — 
% Upward Modulation = 90% 


the following device during modulation: of all iinee stages. 
In designing the networks, the Smith Chart is used to 
obtain initial values. These values were then. optimized 
using a computer aided design program. . 
Figure 2 shows a schematic diagram of the trarismitter 
P.A.RF circuitry, 
The pre-driver stage uses a simple T-section input 


_ matching network. Forward bias for this stage is obtained 


through the network consisting of R1; Ro, R3, D1, and is 
applied to Qj through Ly. The. quiescent current is 
approximately 20ma for the MRF340. | 
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C1 — 200 pF 

C2, C3 — 47 pF 

C4, C5, C9, C23 — .001 Disc Ceramic 
C6, C16 — 39 pF 


FIGURE 2 — Schematic Diagram 


L12 | 
> e—vrwny : 


C19, C21, C26 — 1ut/S0V 
C20, C22, C25 — 680 pF Feed through 
C24 — 0.1 uf 

‘— IN4002 


+13.5 V 


AN? +° (Modulated) 
7Rc23. AR C24 C25 7Rc26 


All Capacitors <500 pF 
are Dipped Mica 


C18 


Leas. BF 


Out 


L11—7T 

R1 —-8200 1/4 W 

R2 — 3922 1/4 W 

R3 — 8222 1/4 W 

T1 — 9:1 Unbalanced to unbalanced XFMR 
#24 AWG 12 crests 
per inch 3.5” tong 

Q1 — MRF340 

Q2 — MRFS3S42 . 

Q3 — MRF344 


C7 — 68 pF All inductors other than molded chokes 
C8, C12 — 200 pF UNELCO are wound with #18 AWG 1/8" |D 
C10 — 62 pF L1—3T 
C11 — 43 pF L2, L5, L8— .15 #H molded choke 

_ C13 — 80 pF UNELCO with ferrite bead 
C14 — 56 pF L3—7T 
C15 — 75 pF L4, L7, L12 — .18 WH molded choke 
C17—10pF . - 16,110 —4T - 
C18 — 300 pF ._ L9 — piece of wire — 3/4" long 


The interstage betweda Q; ane Q> is S dssipred! as ar 
lows, The effective collector load impedance is estimated 
to be 100 j50 ohms. The input impedance, Zin, of the 

MRF 342 is 1 -75+j2 ohms at 136 MHz (as taken. from the 
. data sheet). One way to match the output of the MRF340 
. to the input of the MRF342 with a minimum of compo- 


- nents is through the use of a9: 1 transformer (1,2). Figure 


3 shows a Smith Chart plot of the interstage network with 
the chart normalized to 50 ohms. Starting at point A, this 
impedance is rotated to point B by a shunt capacitor Cg. 
The impedance at this point is approximately 5 to 5.5 
ohms. A 9:1 transformer transforms this impedance to 
approximately 50 ohms. Point C, the 50 ohm point, is 
rotated to D by series capacitor Cg. Point D is then 
rotated to point E, the complex conjugate of the output 
impedance of Qj, by shunt inductor L3. | 


A different approach is used for the Q9 - Q3 interstage 
network. The MRF342 output impedance Zo , and the 
MRF344 input impedance ZN, are taken from the data 
sheets. Figure 4 shows a Smith Chart plot of this network 
with the chart normalized to 50 ohms. Point A is ‘the 
input impedance of the MRF344. This impedance is 
rotated to the real axis by shunt capacitors — C12 and 
C13. Point B is then rotated to point C by series capaci- 


tors — Cjog and C11. This impedance is then transformed 
to the complex conjugate of the output impedance of the 
MRF342 by shunt inductor Lé. 


The MRF344 output matching network consists of a 
shunt inductor at the collector of Q3 followed by two 
L-sections. L-sections were used because they provide ex- 
cellent harmonic suppression and good efficiency over the 
entire band. Figure 5 shows a Smith Chart of the output 
network, with the chart normalized to 50 ohms. 


All impedance matching element values calculated using. 
the Smith Chart and optimized with the computer pro- 
gram were used as starting points in building the net- 
works. The final component values shown in Figure 2 


were derived ‘through on-the-bench tuning and adjustment 


and differ from the calculated values as the Figure 2 
values cover 118-136 MHz. The calculated values are only 
for 136 MHz. 


Since low cost is a key factor in the use of the TO-220 
devices, inexpensive components are used wherever ap- 
plicable. Molded chokes, dipped mica and dipped ceramic 
capacitors are used throughout the circuit. One of the 
problems encountered when using dipped micas at VHF is 
their series lead inductance. The higher capacitance values 
approach resonance at VHF. Selected values were 
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measured on an HP network analyzer at 125 MHz. The 
results are shown in Table 1. . : | 


TABLE 1 


Cnominal (PF) Cmeasured (PF) 


Note: All lead lengths kept to an absolute minimum 
(<0.1 inch) 


The data obtained shows that values below 75pf are 
usable. Lead length should be kept to a minimum when 
using both the dipped mica and the disc ceramic 
capacitors. UNELCO capacitors are used in place of the 
dipped micas at the base of Q9 and Q3, since the net 
required capacitance and base current is very high. _ 


CONSTRUCTION TECHNIQUES 


The amplifier is assembled on a 2” X 5” double sided 
printed circuit board. Board material is G-10 with a thick- 
ness of 0.062”. A 1:1 photomaster of the top side of the 
board is shown in Figure 6. Eyelets are placed through the 
board at points marked: by the letter “‘O”. The eyelets are 
soldered to both sides. of the PCB to connect the top 
ground to the bottom side ground retum. Feed-thru 
capacitors are mounted on the DC feed bar which is made 
of G-10 PCB. A 1:1. photomaster of the feedbar is also 
shown in Figure 6. Eyelets are placed at points marked by 
an “O” and feed-thru capacitors are placed at points 
marked by an “X”. The DC feedbar is soldered to the 
main board. The location of the critical components is 
shown in Figure 7: Construction details of the 9:1 imped- 
ance transformer are shown in Figure 8. (1,2) 

For reliable operation, the transistors must not only be 
heatsunk, but they must also be mounted properly for 
emitter RF ground retum. Figure 9 shows mounting de- 
tails for the TO-220 package. More detailed information 
on mounting is available in AN-778.(3) The entire as- 
sembly is mounted on a 6” extruded aluminum heatsink 
using 4-40 X %4 machine screws. The heatsink surface 
should be flat and free of burrs, particularly around the 
transistor mounting holes. _ | | 


FIGURE 3 — MRF340 — MRF342 Interstage Network 
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FIGURE 4 — MRF342-MRF344 Interstage Network 
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FIGURE 5 — MRF344 Output Network 
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Calculated Values at f = 136 MHz 


C14 + C15 = 100 pF 
C16.+ C17 = 23 pF 
L9=11nh © 7 
L10= 28nh 
L11=90nh 

SOT) 


MRE344 ZOL = 4.2-j0.32 
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FIGURE 6 — Photomaster 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 7 — Location of Critical Components 
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FIGURE 8 — Construction Details of the 9:1 Unbalanced to Unbalanced Transformer 


502 Twist wires together —~ approximately 12 turns per inch 


A 


The transformer.is wound with #24 AWG. Three different 
colors are used — réd, green and blue, 


Cut 3 lengths of wire 


FIGURE 9 — Mounting Details for TO-220 Package FIGURE 10 — Amplitude Modulation Waveforms 


a) Preferred Arrangement 
for Non-isolated 
Mounting Screw is at Semi- 
conductor Case Potential. Gate 
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Modulated 100%. 


Heat Sink . Heatsink is tapped 
for a 4-40 Screw 
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MODULATION 

-In an amplitude modulated waeort the amplitude of 
—eachcycle of the modulated wave varies in accordance 
with the modulating signal. Using voice modulation, the 
resultant waveform is not only complex, but difficult to 


analyze. Therefore, when testing and analyzing the trans- — 


mitter P.A., a simple 1 KHz sine wave is used as the modu- 


lating signal. When analyzing an AM waveform, one of the - 


things to consider is the modulation factor (M). M is 
usually expressed as percent modulation oo is calculated 
as follows: : 


Emax — Emin 


ve Emax + Emin 


X 100% 
Figure 10 shows amplitude modulation waveforms. 


The above formula is valid only when the modulation 
process is symmetrical and little distortion is present. If 
_ significant assymmetry is present then up modulation and 
down modulation must be analyzed separately. 


M= amex X 100% For positive peak modulation 
Ec — Emi 
M= oe X 100% For negative peak modulation 


When a carrier is modulated by a pure sine wave, two 
sidebands are generated at the carrier frequency plus and 
minus the modulating frequency. The power level of the 


sidebands is dependent upon the percentage of modula- 


tion. At 100% modulation, the total power contained in 


_ the. sidebands is one- -half the carrier power or one-fourth — 


in each sideband. For modulation levels of less than 100%, 


. the total power is: 


 PSB= + m2 PC 


~ ‘where m = modulation factor 
Pc = carrier power 


Collector modulation is a commonly used method for © 
modulating a solid state transmitter. Using this method, 
the modulating voltage is applied to a collector through a 
transformer. The secondary winding of the transformer 
must be capable of handling the DC current required by 
the transistor and have low DC resistance, so as not to 
cause a significant voltage drop. The voltage drop will 
reduce the voltage applied to the collector of the stage 
being modulated. 

Another form .of collector modulation uses a series 
modulator. This type of modulator is used to evaluate the 
transmitter in this application note.(4) A series modulator 
uses audio power transistors instead of a transformer 
secondary. A schematic diagram of the series modulator is 
shown in Figure 11. 27 volts is applied to the modulator 
and the quiescent DC voltage applied to the transmitter is 
set by the 10K{2 potentiometer. 


Circuit 
Under 
Test 


FIGURE 11 — Series Modulator 
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Table 2 — Performance of the 15 Watt Amplifier OUTPUT POWER VERSUS SUPPLY VOLTAGE 


127 MHz 


prem | 
rae 
fer 
Fase ae 
Fone Vonage 
ee oe 


Harmonic Rejection (dB) (Relative to Peak Power) 


2f 55.0 55.0 52.0. 
3f : 58.0 ~ 58.0. 1. - 5730 


Load Mismatch | "Capable of Operating into 3:1 Load VSWR. 


eee 
ee ae 
eo 


Pout, Cutput Power (Watts) - 


Vcc, Supply Voltage (Volts) 


Pout is initially set at the carrier power of 

15 watts at 13.5 Vdc, then the supply 

votlage is varied from 0 to 27 Vdc keeping 

Pj, constant. This demonstrates the peak 
power output.capability of the transmitter P.A. 


FIGURE 12 — Block Cisse of Swept Set-Up for ene Up the Transmitter 


Pwr. Supply .- 
and 
Modulator 


state _}| MHWwsg90 ye| Transmitter | | Directional |_| 40 dB 
Module P.A, Coupler : Attenuator 


Spectrum 
Analyzer 


Oscilloscope. /a@ Detector 


TEST SET-UP ih Gea REFERENCES 


When adjusting a broadband RF power asin it is os 1. Ruthroff, Some Broadband Teansronners: > PROC. 
advantageous to have a swept test station. Using a swept IRE Vol. 47, No. 8, August, 1959 _ 


set-up, one can observe the following: 


2. Granberg, H. ‘Broadband Transformers and Power 


1) The effect of varying individual component values — Combining Techniques for RF,” Motorola AN-749 

2) Bandwidth | 7 aaa | | 
3) Instability | 3. Roehr, Bill, “Mounting Techniques for Power Semi- 
4) Input VSWR bandwidth - | conductors,” Motorola AN-778 


A Wavetek 1002 Sweep Generator driving a Motorola 4. “A 13-W Broadband AM Aircraft Transmitter,” 
MHW590 module is recommended as a drive source. Motorola AN-507 
Figure 12 shows a block diagram of the swept set-up used 5. Terman, Frederick E., “Electronic and Radio Engi- 
to test and evaluate the amplifier. | neering,” McGraw-Hill 
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)WER MOSFETs — 


versus 
BIPOLAR TRANSISTORS 


Prepared by ~ . 
Helge O. Granberg 
Sr. Staff Engineer 


What is better, if anything, with the power FETs if 
* we can get a bipolar transistor with an equal power 
rating for less than half the price? 

Several manufacturers have recently introduced 
power FETs for RF amplifier applications. Devices 
with 100 W output capabilities are available for VHF 
frequencies and smaller units are made for UHF opera- 
tion. All are enhancement mode devices, which means 
that the gate must be biased with positive voltage (N 
channel) in respect to the source to “turn it on.” Early 


0.65 - JO.35 Ohms 
‘0.40 + J1.50 Ohms 


Zin RS/ XS(30 MHz): 
Zin RS/ XS(150 MHz): 
ZOL (Load Impedance): 
Biasing: 


Ruggedness: 


down. possible. 
Linearity: 


Adva ntages: 


Disadvantages: 


paralled. 


TABLE A ; a | a - 


Bipolar 


Almost equal in each case, depending on power level and supply voltage. 


Not required, except for linear operation, 
high current voltage source necessary. . 


Fails usually under current conditions. — 
Thermal. runaway and secondary break- 


Low order distortion depends on die size 
and geometry. High order IMD is a func- 
tion of type and value of ballast resistors. 


‘Wafer processing easier. Low collector- 
emitter saturation voltage, which makes 
devices for low voltage operation possible. 


Low input impedance with high reactive 
component. Internal matching required to 
lower Q. Input impedance varies with drive 
level. Devices or die cannot easily be 


. designe were so called V-MOS FETs, where the channel 


is in a V-groove. The V- -groove must be etched with a 
special process, and the silicon material must have a 
different crystal orientation from the material nor- 


mally used for bipolar transistors. The difficulty of the 


etching process in production has led to the develop- 
ment of other types of channel structures such as HEX 
and T, which are still vertical channel structures, but 
V-groove is eliminated, and the gate is on a straight 
surface. Thus, for an equal gate periphery, more room 


TMOS FET 
2.20 - J2.80 Ohms 
0.65 - JO.35 Ohms 


‘Some gate bias always required. Low 
current source, such.as resistor divider 
sufficient. 


| Failure modes: Gate punch ihroudht 
exceeding of breakdown: voltages: over 
dissipation. ies 


Low order distoriton worse than bipolar 

fora given die size and geometry. High ~ 
order IMD better due to lack of ballast. 
resistors. — 


- Input impedance more constant under 
‘varying drive level.: Lower high order» 
IMD. Easier to broadband. Devices or die 
can be paralleled. High voltage devices 

easy to implement. 


Larger die required for comparable power | 
level. Nonrecoverable gate breakdown. % 
High drain — source saturation voltage, 
which makes low voltage, high power 
devices less feasible. 
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on the surface is required. Japanese manufacturers 
seem to favor geometries with horizontal channels. 
They are similar to small signal MOSFETs with a 
number of them paralleled on one chip. This technique 
represents even more wasteful use of the die surface 
than HEX or TMOS. Typically a power FET requires 
50 to 100 percent more die area than a bipolar transis- 
tor for equal power output performance. For TMOS the 
number is about 50 percent. This is mainly due to the 
higher saturation voltage, but the geometry also gives 


some 30 percent less gate periphery than available - 


base area in bipolar. Since the price of a solid state 
device is a function of a die size, we get fewer watts per 
dollar. This is completely opposite from what the 
industry has been trying to do in the past years with 
bipolar transistors. So, one may ask: What is better, if 
anything, with the power FETs if we can get a bipolar 
transistor with an equal power rating for less than half 


the price? This is where we come to the purpose of this . 


article, which is to discuss the characteristics of the 
FET and bipolar device. Both have the same basic 
geometry, but with some mask changes, one was pro- 
cessed as a MOSFET and the other as a bipolar. 


CIRCUIT CONFIGURATIONS 


Since the gate of a MOSFET device is essentially a 
capacitor, which consists of MOS capacitance distrib- 
uted between the channel and the surface metaliza- 
tion, the input Q is normally extremely high. For this 
reason, the gate must be de-Q’ed with a shunt resis- 
tance or applying negative feedback or a combination 
of the two. Unless this is done properly, the affect of 
feedback capacitance (Cygg) will result in conditions, 

where stable operation is impossible to achieve. 

‘Figure 1 shows a Smith Chart plot of a 150 W MOS 

FET and a bipolar device using the same basic geom- 
etry for comparison purposes. The gate of the FET has 
been shunted by a resistance of 20 ohms. Without the 
shunt resistance the input impedance would bea pure 
-capactive reactance, if package inductances are dis- 
regarded. Pe . | . 

The input Q is an inverse function of the broadband- 
ability of a device. With the techniques mentioned 
above, the Q can be controlled to a large degree, but 
some power gain will be sacrificed, unless only some 
type of selective negative feedback is employed for that 
purpose. Amplifiers in the 100 W power level, covering 

- five octaves can be designed, and the limiting factor 
only seems to be the proper design of the broadband 
matching transformers. 

Due to the lack of base diode junctions inherent to 
bipolar devices, where the diode forward conductance 
depends on the drive level,.the MOSFET gate imped- 
ance varies only slightly with the input voltage ampli- 
tude. The gate MOS capacitance should be more or less 
independent of voltage, depending on the die process- 
ing. This is considered one of the advantages with 
FETs, especially regarding amplitude modulated 
applications, where a constant load for the driver stage 

‘is important. Negative feedback should be limited, 
since it tends to deteriorate this characteristic. Another 

advantage is the AGC capability by varying the gate 
voltage. In common source configuration, depending 

‘on the initial power gain, etc., an AGC range of 20 dB 
is achievable. | = 
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FIGURE 1 — 150 Watt MOSFET and 
Bipolar Comparison | 


Common gate configuration has some advantages, 
although it is not useful in applications requiring lin- 
earity. The load impedance is reflected back to the gate 
and in effect is in parallel with the source to ground 


' impedance. The total input impedance is more constant 


with frequency than in common source mode, but 
varies greatly with output power level and supply volt- 
age. As in a comparable configuration with bipolar 
transistors, the overall power gain is low, but the unity 


_ gain frequency (fa) extends higher, which makes the 


common gate circuit attractive at UHF designs. It also 


Bias. 


_ FIGURE2—A Typical Common Source MOSFET 
Power Amplifier Circuit 
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has more tendency for parasitic oscillations, since the 
input and output are in the same phase. The de-Q’i ing 
of the input can be done in the same manner as in a 
common source circuit, but negative feedback is not as 
easy to implement. This circuit: also exhibits greater 
power gain versus bias voltage variation characteris- 
tics. In applications, where 40 dB to 50 dB AGC range 
is. required, the common gate configuration should 
be considered. _ 

- A common drain configuration represents the erie. 


ter follower in bipolar circuits. In both cases the input — 


impedance is high and the load impedance is effective- 
ly in series with the input. The input capacitance, 
(drain-to-gate, or collector-to-base) is lower than in 
common source or common gate circuits, and several 
times lower for the FET than bipolar for equal die size. 
This is due to lack of the diode junction. A MOSFET 


source follower can not be regarded as having current — 


gain as the emitter follower. The amplification rather 
takes place through impedance transformation. Due to 


the fair amount of input de-Q’ing required, the avail- 


able power gain is lower thanin common source circuit 
for example. Having less than unity voltage gain, the 
circuit exhibits exceptional stability, and negative 
feedback is not necessary, nor can it be easily imple- 
mented. Push pull broadband circuits for a frequency 
range of 2 to 50 MHz have been designed for 200-300 
watt power levels. Their inherent characteristics are 


good linearity and gain flatness without any leveling | 


networks. High power SSB amplifiers are probably the 
most suitable application for common drain operation. 
The AGC range is comparable to that in common 
source, but higher voltage swing is required. It must be 
noted that the MOS devices used must have high gate 
rupture voltage, since during the negative half cycle of 
the input signal, the gate voltage euproacnee the level 
of VDs. 


LINEARITY ASPECTS 


Some literature claims that MOS power FETs are 
inherently more linear than the bipolar transistors. 
This is only true up to the point where envelope distor- 
tion, caused by saturation, instabilities or other 
reasons, is not present. It is also a function of the bias 
current (IDqQ). The FETs usually require higher idling 
currents than the bipolars to get full advantage of their 
linearity. Bipolars are usually biased only to get the 
base-emitter diode into forward conduction, whereafter 
increasing the bias helps little. Class A is an exception, 
but the device must then be operated at 20-25 percent 
of the rated Class AB level. 

Probably the main advantage with the MOS power 
FETs is their greatly superior high order IM distortion 
performance. This is mainly due to the fact that bal- 
lasting resistors are not required with FETs. In bipolar 
RF power transistors, nonlinear feedback is distributed 
to each emitter site through the MOS capacitance from 
the collector. In devices using diffused silicon resistors, 
this effect is even worse, and caused by additional non- 
linear diode capacitance between the collector and the 
emitters. The high order IMD (9th and up) is actually in 


“Out 


FIGURE 3—A Typical Common Gate MOSFET 
Power Amplifier Circuit 


FIGURE 4—A Typical Common Drain, Narrow 
Band MOSFET Power Amplifier Circa 


direct relation to aie ballasting cae values, which 
must be optimized for an even power distribution along 
the die. Too low values would result in a fragile device, 
and the opposite would, in addition to the IMD prob- 
lem, result in high collector-emitter saturation voltage 
and low power gain. 

The feedback capacitance, deaini to- sate or: collector: 
to-base for example, also has a secondary effect in 
IMD. In both cases it is a function of the die geometry, 
and is usually lower with devices with higher figure of 
merit, such as the ones made for UHF and microwave 
applications. A MOS power FET exhibits some five 
times lower feedback capacitance than a bipolar tran- 
sistor with a similar geometry. In a bipolar transistor 
this capacitance partly consists of the collector-base 
junction, which is highly nonlinear with voltage. This, 
together with the varying input impedance, generates 
internal feedback, which is nonlinear and produce 
high order IMD to some degree. A more noticeable 
effect is that the low order IMD goes up with reduced 
drive levels as shown in Figure 6. 

This can be related to different turn on characteris- 


tics between the two device types. When a bipolar 


device is biased to Class AB, the bias does not usually, 
completely overcome the VBE knee. Thus, at lower 
signal levels, the remaining nonlinear portion covers a 
larger area of the total voltage swing. Increasing the 
bias from the normally recommended Class AB values 


‘will help and full Class A should eliminate the problem 


completely. 
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FIGURE 5 — Two Tone Spectrographs of 300 W PEP, 50 V Amplifier Outputs 


a. using bipolar transistors and b. with TMOS. power FETs. 500 mA of bias current. . 
per device was used in each case. Doubling the bias current has a minimal effect in 
a. but b. the 7th order products would be lowered by 10-12 aB. 


100 
OUTPUT POWER (NPS PEP) 


IMD, INTERMODULATION DISTORTION (dB) 


FIGURE 6 — IM Distortion as a Function of Power 
Output. Solid Curves MOSFET, Dashed Curves 
Bipolar Transistor . 


CLASS D/E APPLICATIONS 


Switching mode RF power amplifiers have only 
become feasible since the introduction of the power 
FET. Being a maj ority carrier device, the FET does not 
exhibit the storage time phenomena, that limits the 
switching speed of a bipolar. For a given device, the 
switching speed is mainly determined by the speed the 
gate capacitance can be charged and discharged. If the 
capacitance is in the order of several hundred pF,a 
smaller FET is required to provide the fast charge- 
discharge switch. For low power stages, bipolars can 
be used, since the storage time is mainly an inverse 
function of the ff and device size. The advantages of a 
Class D amplifier are high efficiency, linearity and 
ruggedness, since power is ideally cissipatog only 
during the switching transitions. 

_ These amplifiers are readily applicable for FM mod- 
ulation, after harmonic filtering. The analog gain 
is obtained by pulse-width modulation of the input 


switching signal, and demodulation of te output with 
suitable filters. Linearity is required only from the 
modulator, which is easy to achieve at small signal 
levels. The high speed voltage controlled one shot 
MC10198 should be ideal fora linear pulse-width modu- 
lator. By properly adjusting its. operating point, low 


| level AM or suppressed carrier double sideband signals 
can be generated. 


Out 


+12V 


FIGURE 7 — A Typical Power MOSFET Class D RF 
Amplifier, Arranged in Push-Pull Configuration 


GENERAL 


All MOSFETs can in theory have a positive temp- 
erature. coefficient on the gate threshold voltage. This 
means that the gate threshold voltage increases with 
temperature, trying to ‘‘turn the device off.”’ In addition 
the gm will decrease, which also helps in preventing 
the thermal runaway, which is commonly.a problem 
with bipolars. The coefficient of the gate threshold 
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voltage is also a function of the drain current. Normal- 
ly the coefficient is negative at low current levels, and 
turns positive at higher currents. The turnaround 
point, which can be controlled by doping the other 
fabrication steps, must be at a current level not to 
exceed the maximum dissipation rating, taking the 
derating factor into account. Thus, the power MOS 


devices can be easily biased to Class A, without fear of 


a thermal runaway. 


Two types of high Reqieuey: noise are. pbadicicd by 


bipolar transistors. Shot noise is caused by the forward 
biased junctions, and thermal noise by moving carriers 
upon flow of electrons. Both have different noise spec- 
trums, and only the latter is present in a FET. In a 


transmitter, where the devices are biased for linear. 


operation, the shot noise becomes a problem, especially 
if a receiver is in close proximity, as in transceiver 
designs. Also, if several stations are operated near 
each other, the noise can be transmitted through the 
antenna, disturbing the reception at nearby stations. 


In most instances, the bias of the power devices must | 


be switched on and off during the transmit and receive 


functions, which will prevent a full break-in operation: 
Measurements of 150 W devices, intended for SSB » 


applications, were performed at 30 MHz, at the proper 
idling current levels. The difference in the total noise 


- figure between a bipolar and a FET is about three to 


one, or 7 dB and 2.2 dB respectively. The amount of 
noise that can be tolerated varies with each situation, 
and whether the difference above is significant in 
practice depends on other factors involving the design 
of the equipment. 


CONCLUSION 


_From the above we must conclude that it is doubtful 


the power FET ever will replace the bipolar transistor _ 


in all areas of communications equipment. It will have 
its applications in low and medium power VHF and 
UHF amplifiers, eliminating the need for internal 
matching, and up to medium power low band and VHF 
SSB, where the high order IMD is beginning to be more" 
and more in emphasis due to the crowded frequency: 
spectrums. The author’s personal opinion is that the 
power FET is the most feasible device for the amplitude 
compandored sideband (ACSB) applications, proposed 
for future use in land mobile communications. The 
system principle requires extreme linearity in the 
amplifying stages, which in the past has only been 
achieved with Class A operation. The power FET also 
opens new applications for high efficiency switching 
mode power amplifiers, which have not been possible . 
in the past for reasons described earlier. The possible 
upper frequency limit would be dictated by the physical . 
lay-out of the svete 


- FIGURE 8 — An Experimental Three Stage, One. 
og Kilowatt Class D Amplifier. | 
The unit operates up to 10 MHz yielding an efficiency 
- of 85 percent. The power gain is 30 dB. 
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VHF MOS POWER APPLICATIONS 


Prepared by. 
Roy Hejhall | 
Sr. Staff Engineer : 


INTRODUCTION 

The assumption is made that the reader is familiar 
with the types, construction, and electrical characteris- 
‘tics of FETS. References 1 and. 2. contain information on 
this subject. 

Silicon RF power FETs are generally N-Channel MOS 
enhancement mode devices. Most are vertical structures, 
meaning that current flow is primarily vertical through 
the chip with the bottom forming the drain contact. Ver- 


tical construction has the advantage of providing greater’ 


current density which translates to more watts per unit 
area of silicon. 

The assembly of RF power FET Ge into finished 
devices is similar to the assembly of bipolar RF power 


transistors (BPTs). Identical packaging i is utilized for 


both types of devices. 


ADVANTAGES OF RF POWER FETS 


The advantages of FETs have been described else- 


where,?4 and will not be repeated in detail. Some obser- i 


vations on this subject are given below. © 


The inherently higher power gain is illustrated by a 


comparison of the MRF171 FET and MRF315 BPT. Both 


are VHF devices rated at 45 watts power output. Typical. 


power gains at similar operating conditions (f= 150. MHz, 


Pout = 45 W, de supply voltage = 28 V) are 15. 0 dB for the | - 


FET and 11 dB for the BPT. 

Any gain comparison should also include Punsediesd 
data. Ruggedness is defined as the ability of a device to 
survive operation into mismatched loads. Obviously, 
UHF and microwave BPTs are available with gains ex- 
ceeding that of the MRF171 FET at 150 MHz, but the 
higher frequency BPTs will not survive much abuse at 
VHF. The superior ruggedness of the FET is even more 
impressive when it is recognized that no source site bal- 
lasting is used. 

Another gain comparison at VHF is provided by the 
MRF174 FET and MRF317 BPT. The MRF317 is rated 
at 100 watts output, and contains an internal input 
matching network which increases the device gain by 
typically 5.0 dB. The MRF174 is rated at 125. watts out- 


put and has no internal input matching, yet the typical 
gain of the MRF174 at 125 watts output is 12 dB while 
the typical gain of the MRF317 is 10 dB at 100 watts 
output (both devices operating at 150 MHz with a 28 Vdc 
supply). 

Impedance differences are iad mainly at the device 
input. FET input impedance at de approaches infinity, 
dropping at VHF to a level approximately equal to, but 
slightly higher than the input impedances of comparable 


c BPTs. 
- This point can be illustrated by considering again the 
aforementioned 45 watt VHF devices. When operating 


at 150 MHz with a 28 Vdc supply and 45 watts output, 
the large-signal input impedances are 1.89 —j4.81 ohms 


- for the MRF17 1 FET and 1.2+j1.0 ohms for the MRF315 
BPT. _ : 


These devices itustéate another difference. The large- 


7 signal. input impedance of FETs at VHF is capacitive. By 


contrast, most VHF. BPTs with power outputs greater 
than 20 watts have an inductive input:impedance at 150 


_ MHz. The input impedance of the MRF3 15 passes through 


resonance at about 100 MHz. 
The low-noise figure of the FETs facilitates the design 


of low-noise power amplifiers and high dynamic range 


' receiver front ends. Noise figures of less than 3.0 dB at 


f=150 MHz, Vps = 28 V, 1) =2.0 A have been measured 


- with the 125 watt MRF174. The MRF134 5.0 W VHF 


FET has a typical noise figure of 2.0 dB at 150 MHz, 


98 V, 100 mA, and values as low as 1.5 dB have been 


measured. Transmitter noise floor determines the an- 
tenna front to back ratio required for duplex systems. 


A most interesting FET characteristic is the inherent 
gain control mechanism. The power output of a FET am- 
plifier can be varied from full rated output over a range 
of greater than 20 dB (with RF input power held con- 
stant) by varying the dc gate voltage. Further, the device 
gate does not draw dc current, so the dc source utilized 
for gain control does not have to deliver any power to the 
FET. This capability, which does not exist in the RF 
power BPT, facilitates the design of systems requiring 
gain control, either manual or automatic. 
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AMPLIFIER DESIGN : 

The design of TMOS FET RF power amplifiers has 
much in common with the design of BPT amplifiers. The 
‘amplifier must include dc circuitry to apply bias voltages 


and RF matching networks to perform the necessary 


impedance transformation over the frequency band of 
interest. Amplifier design consists of the ince ca of cir- 
cuitry to perform the above tasks. 

A positive de supply voltage is required on the drain: 
To date most RF power FETs have been designed for the 
standard BPT operating collector voltages, i.e. 12.5 V, 
28 V, and 50 V. Some higher voltage FETs are also avail- 
able. The FETs described are designed for 28 V operation. 

There is no FET parallel to the popular zero base bias 

BPT amplifier. The typical FET RF power amplifier re- 
quires forward gate bias for optimum power output and 
gain. That is the bad news; the good news is that the 
FET gate is a dc open circuit and the bias network may 
often be just a simple resistive divider. 
A convenient gate bias source is the drain apes 
When utilizing this technique care must be taken in fil- 
tering the bias circuitry. An inadequately filtered bias 
‘circuit connected to the drain supply can form an output- 
to-input feedback path for oscillations. 


BPT amplifiers. These networks usually take the form 
of broadband transformers at HF, lumped reactive ele- 
ments at VHF, and microstrip lines with RF sas capac- 
itors at UHF56 

Solid-state power amplifier drain or soilestar load 
impedances are set primarily by supply voltage and 
power level. Therefore, FET and BPT amplifiers with 
like performance parameters can utilize similar output 
networks. 

The inductive faplit impedance of high power VHF 
BPTs usually dictates that the input network design in- 
clude shunt capacitors placed as close to the transistor 
package as is physically possible. FETs, with their ca- 
pacitive input impedances at VHF, do not require these 
critical capacitive circuit elements. - 

Figure 1 shows a 125 watt 150 MHz amplifier which 
utilizes the MRF174 TMOS FET. Note the following 
items which have been discussed previously: | 

-1. No shunt capacitors at the gate. 

2. Resistive bias network operating from the drei 

supply voltage. 

3. Impedance matching networks similar to those of 

a comparable BPT amplifier (except for item 1 
above). 


FIGURE 1 — 125 Watt, 150 MHz TMOS FET Amplifier 


R2 
Bias R3 rere) C10} + , , 
Adjust —+ pl C11 
= — RFC1 
= R4 | 
C3 
RF Input 
C1 L1 
1 Teo 
= C4 


C1 — 35 pF Unleco 

C2, C5 — Arco 462, 5-80 pF . 
C3 — 100 pF Unleco 

C4 — 25 pF Unleco 

C6 — 40 pF Unleco 

C7 — Arco 461, 2.7-30 pF 

C8 — Arco 463, 9-180 pF 

C9, C11, C14 — 0.1 uF Erie Redcap © 
C10 — 50 uF, 50 V 

C12, C13 — 680 pF Feedthru 
D1 — 1N5925A Motorola Zener 


FET amplifier hoe (quiescent drain current) is not crit- 
ical and values in the 10-150 mA range are suggested. 
Ing may be varied from less than 100 mA to values ap- 

 proaching Class A operation without large changes in 
gain and efficiency at full rated power. Linear applica- 
tions are an exception to this where Ipq should be selected 
to optimize linearity. 

The design of RF impedance matching networks for 
FET amplifiers is similar to the corresponding task for 


— —— + 


 L4 
C13 


C8 


RF Output 


1 


L1 — #16 AWG, 1-1/4 Turns, 0.213” ID 


L2 — #16 AWG, Hairpin _{L $ 0.25” 
SFoar 


ke- 0.062” 
L3 — #14 AWG, aii ee 
——| je 0.2” 


L4 — 10 Turns #16 AWG Enameled Wire on R1 
RFC1 — 18 Turns #16 AWG Enameled Wire, 0.3” ID 
R1 — 109, 2.0W 

R2— 1.8k0,1/2 W 

R3 — 10 kQ, 10 Turn Bourns 

R4 — 10 kN, 1/4 W 


This amplifier operates from a 28 volt de supply. It has 
a typical gain of 12 dB, and can survive operation into 
a 30:1 VSWR load at any phase angle with no damage. 

The amplifier has an AGC range in excess of 20 dB. 
This means that with input power held constant at the 
level that provides 125 watts output, the output power 
may be reduced to less than 1.0 watt continuously by | 


_ driving the de gate voltage negative from its Ing value. 


Figure 2 illustrates this performance feature. Note that 
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ANS/S 


= 150 MHz 

Vos = 28 Vde 
= 100 mAdc _ 

= Constant - 


POWER OUTPUT (WATTS) _ 


—10 -80 -60 -40 -20 0. 
Vgg, GATE-SOURCE VOLTAGE (Vdc) 


FIGURE De: Gain Control Performance of 125 Watt Amplifier 


a negative voltage capability would have to be added to 
the bias system to take full puvenieee of this AGC 
performance. 


Another useful acae of RF power FETs is that they 
have less variation of input and output impedances with 
power level than does a BPT. This characteristic permits 
the use of small-signal 2 port scattering parameters to 
_ develop useful design information for gain, stability, and 
impedances.’ S-parameters are often found on RF power 
FET data sheets. While s-parameters will not provide an 
exact design solution for high power operation, they do 
-. produce a useful first approximation. 

Power FETs with outputs below the 40 watt range 
often have such high gain at HF and VHF that stability 
problems may be encountered. This problem can be ad- 
dressed by the classic methods used to stabilize RF small- 


signal amplifiers — loading of input or output terminals, 
feedback, or both. Here is.an area where s-parameters 
are useful in calculating the effects of circuit techniques 


for achieving sree ty: References 7 and 8 discuss am- 


plifier stability. . 


Figure 3 shows a 5.0 watt 150 MHz amplifier utilizing 
the MRF134 TMOS power FET. The MRF134 is a very 
high gain FET which is potentially unstable at both VHF 
and UHF. Note that a 68 ohm input loading resistor has 
been utilized to enhance stability. This amplifier has a 
gain of 14 dB and a drain efficiency of 55%. Figure 4 
shows a 5.0 watt 400 MHz amplifier with a nominal gain 
of 10.5 dB. 


CAUTIONARY NOTES *™ 

Some precautions repardine F FET RF power amplifiers 
should be mentioned. 

-Qne involves temperature coefficient. Literature 
abounds with statements that FETs are totally immune 
to thermal runaway because of their negative tempera- 
ture coefficient. Actually, many RF power FETs have a 
positive temperature coefficient over a portion of their 
operating range. Increasing drain current usually shifts 
the coefficient from positive to negative. See Figure 5. 

DC bias experiments have been conducted with several 
RF TMOS FETs. While they all had positive temperature 
coefficients over a portion of their operating ranges, none 
exhibited a tendency toward thermal runaway at drain 
currents ranging from less than 100 mA to full Class A 
bias. Thermal runaway does not appear to be a problem, 
but the positive temperature coefficients suggest that the 
designer should not completely ignore the thermal as- 
pects of dc bias design. 


_ FIGURE 3 — 5.0 Watt, 150 MHz TMOS FET Amplifier » 


RF Input 


*Bias Adjust, 


~ C1, C4 — Arco 406, 15-115 pF 
- C2 = Arco 403, 3-35 pF 
. C3 — Arco 402, 1.5-20 pF 
- C5, C6, C7, C8, C12 —0.1 HF Erie pepcee 
- C9—10uF,50V © 
C10, C11. — 680 pF Feedthru ~ 
D1 — 1N5925A Motorola Zener . 
L1 — 3 Turns, 0.310” ID, #18 AWG Enamel, 0. 2" Long 


A232 1/2 Turns, 0.310” ID, #18 AWG Enamel, 0.25” Long 


~ L4 


RF Output 


_ L3 — 20 Turns, #20 AWG Enamel Wound on R5 
L4 — Ferroxcube VK-200 — 19/4B 
R1 — 68 9, 1.0 WThin Film 
R2— 10k0, 1/4W a 
~ R3— 10 Turns, 10k Beckman. instruments 8108 
R4— 1.8k0, 1/2 W : 
R5— 1.0 MQ, 2.0W Carbon. 
Board — G10, 62 mils 
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FIGURE 4 — 5.0 Watt, 400 MHz TMOS FET Amplifier 
L2 


C2 


* Bias Adjust 


C1, C6 — 270 pF, ATC 100 mils 

C2, C3, C4, C5 — 0-20 pF Johanson 

C7, C9, C10, C14 — 0.1 pF Erie Redcap, 50 V © 
C8 — 0.001 uF 

C11 —10 pF, 50V ~ | 

C12, C13 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 

1 = 6 Turns, 1/4” 1D, #20 AWG Enamel 
““L2 — Ferroxcube VK-200 — 19/4B 

R1 — 68, 1.0 W Thin Film 


VGs: GATE-SOURCE VOLTAGE (NORMALIZED) 


125 | 


Tc, CASE TEMPERATURE (°C) 


FIGURE 5 — Gate-Source Voltage versus Case Temperature 
For Constant Values of Drain Current. MRF174 


A second potential problem is the danger of permanent | 


damage to FET gates from static electricity. Fortunately, 
the larger capacitances of power devices reduce this dan- 


ger. No special precautions have been taken to protect 


the FETs described from static damage, and there were 
no failures known to be caused by static induced voltages. 
However, it is ‘worthwhile to exercise the usual precau- 
tions taken 1 in handling all MOS devices. 


SUMMARY 
The construction, hisacotieice and sdvaatazes of 
RF power FETs have been described with emphasis on 


Vpop= 28 V 


RF Output 


C4 C5 


R2— 10 kQ, 1/4 W. 
R3 — 10 Turns, 10k Beckman Instruments 8108 
R4—1.8k0, 1/2 W 
~ Z1 — 1.4” x 0.166” Microstrip 
Z2 — 1.1” x 0.166” Microstrip 
Z3 — 0.95” x 0.166” Microstrip 
Z4 — 2.2” x 0.166” Microstrip 
25 — 0. 85” x 0.166” Microstrip 
Board — -~ Glass Teflon, 62 mils 


the VHF frequency range. Particular attention was given 
to the excellent gain control characteristics of these 
devices. ; 
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800 MHz TEST 
FIXTURE DESIGN 


by 
DAN MOLINE 
Product Manager 
Landmobile Power Products 


Although this article presents techniques for the gen- 
eral case of UHF-800 MHz circuit design, the emphasis 
is placed specifically on test fixture ‘design for 800 MHz. 
Text fixtures tend to be the last consideration for most 
RF power amplifier development programs, yet they are 
the most valuable tool available for measuring and main- 
taining device consistency. Minimum power gain; collec- 
tor efficiency and broadband performance requirements, 
though they are always detailed in some form of written 

Specification, are meaningless unless. they are demon- 
strated and controlled by a test fixture. A good test fixture 
will assure correlation between the customer and vendor 
and function as a trouble shooting tool in the event of 
radio problems. When alternate sources are pursued for 
a stage, test fixtures can shorten qualification cycles. But 
the prevention of gradual shifts in RF performance over 
the lifetime of a | product is the major purpose of a test 
fixture. 

~ Motorola has vebornized the importance for good test 
fixtures and has established general guise suge for their 
implementation. 

Each hi-tech product is tied to a well deed test fix- 
ture, which has the following general specifications: 


@ Broadband performance, demonstrating typical char- 
acteristics throughout the band. (Ex.: UHF; 450-512 
~.. MHz, 800; 800-870 MHz) 


@ A3"x 5" mechanical format, which is rugged for Heh 
volume test applications. 


@ Simple RF match construction to represent realistic 
radio performance. 


@ Devices must meet all minimum test pe cdiscmiehts at 
the specified test baie cata UHF: 470 MHz, 800: 870 
MHz. 


The repeatability, acchauieal ere and broad- 
band performance are all very important factors needing 
consideration in the design of test fixtures. The remain- 
der of this article goes!) into detail, using the MRF846 as 
an example. 

_ The schematic representation of the fixture outlined 
in this article is shown below (Figure 1). 


Cj and Co represent the anunleanaciters at the input 
and output (respectively) which cancel most. of the in- 
ductive reactance associated with the transistor’s input 
and output impedance. Mini clamped-mica capacitors are 
used for these components and are physically located 
beneath the common lead wear blocks. Inductance “L” is 
introduced by the. input (and output) wear blocks. Be- 
cause of this parasitic inductance, L, trimmer capacitors 
(C’] or C’(Q) are required to transform the now reactive 
impedance back to real before cnaneine off into the M/4 
transmission lines. 
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CDC-Block 


Zo = 50 


CDc-Block 
ae, 


Zo = 500 


FIGURE 1 — SCHEMATIC REPRESENTATION OF TEST FIXTURE 


The transistor’s input and output impedance can be» 


represented as a combined series resistor and inductor 
as shown in Figure 2. : 


+jX_(0.5 nH) 


(Z= Re + iXL(0.5 nH) => 


FIGURE 2 — EQUIVALENT CIRCUIT FOR Zjn OR Zout _ 


Rg (1 + Q2) 
Xp = Xs (1 + 1/02) 


Rp = 


FIGURE 3 — PARALLEL EQUIVALENT 
CIRCUIT 


This series combination can be transformed into a par- 
allel equivalent by using the equations shown in Figure 3. 
The capacitors C] and Co are selected by calculating the 
value necessary to form a parallel resonance with Xp. Since 
all capacitors have a finite, series lead inductance, the ca- 
pacitor is actually considered as a simple series resonant 
circuit. The resulting effect is the capacitance is always 
higher than the marked value and goes through resonance 
at some frequency. Mini clamped-mica capacitors are rec- 
ommended for test fixture design due to the very low par- 
asitic inductance associated with them which increases the 
usable range of capacitances. (They are also extremely high 
“Q”). A typical measured series inductance for clamped- 


mica capacitors is about 0.5 nH. The equivalent capaci- 


tance is calculated by subtracting the series lead induct- 
ance from the capacitive reactance, or Xc(equiv) = Xe — — 
XL (0.5 nH)- a * 
Since two capacitors are used in parallel, the total 
capacitance is derived as shown in Figure 4. 


2.0 Xe — XLio& nt 
xalequiv = — Cc L(0.5 nH) 


| -i2X¢ 


+{X1L(0.5 nH) 


FIGURE 4 — EQUIVALENT REACTANCE FOR CAPACITORS IN © 
PARALLEL 
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A value of 2.0 X¢ is used in the above example since each INPUT: OUTPUT: 
capacitor will contribute only ¥% to the total capacitance. Frequency = 836 MHz Frequency = 870 MHz 
By setting X,(equiv.) equal to the parallel equivalent Zin = 1+j4.9 . Zo = 1.14+j2.7;Q = 2.7/1.1 
reactance calculated in Figure 3, the exact capacitor val- =49 Q=4.9/1 = 245 
ues may be determined. : 1 - 1 
_ 2.0 Xo — XLO.5 nH) | se aed 1+ G92 3) 2 ES 2.a(1+54-5) 
. 2 , | —  =510 | | = 3.150 
. XL 0.5 nH) = 2.07 X(0.5 nH) = 2.07 
aS 2.0 Xp + 210.5 nH) (Xe = 1/2 fC) Lo 36x10 )(0.5x10 — 9) (870x106)(0.5x10 ~ 9) 
ao : ay | = 2.63 0 = 2707 
(ik pot Sd ae C = 1 7(836x106) == = C = 1/[ (870x108) 
mf (2.0 Xp + XL(0.5 nH)) (2x5.1+2.63)] = 29.7 pF = (2x3.15 +. 2.7)] = 40.7 
Introducing an actual example at this time should 2-15 pF Capacitors would pF 
help in explaining the remaining steps involved in a test be the best choice. 2-20 pF Capacitors would 
fixture design. The MRF846 is a 40 W, 12.5 V, 800 MHz | be the best choice. 


device whose input and output impedances are: 


(20 pF Capacitors were 
not available, so an 18 pF 


TABLE 1— Zin, Zout FOR MRF8460 _ -& a 24 pF capacitor were 


. chosen instead. The total 
requency . a ; ear C = 42 pF) 


800 MHz 1.1 + j4.8 1.20 + j2.4 


836 MHz 1.0 + j4.9 1.15 + j2.5. 
870 MHz 1.0 + j5.0 1.10 + j2.7 


900 MHz 09 + j51 1.10 + j28 Though the MRF846 test fixture used at Motorola does 


use these capacitor values, the above calculations may 
act only as a good starting point. Empirical measure- 

: no ments and more precise impedance measurements for a 
Since Xp will vary as a function of frequency, Cy and given application may result in minor deviations from 


Co need only be calculated for one point within the fre- | these values. 
quency band. Typically, the input response of an RF Assuming no additional circuit narnalties had to be 
power transistor is optimized about the center of the accounted for, the quarter wave transmission line sec- 
band. Hence, the input Rp and Xp are generally calcu- tions could now be determined. The input (and output) 
lated at this frequency [(f, + f))/2]. =< fixture wear blocks do, however, contribute additional 
The output response is different. If COQ were selected series lead inductance to the impedances. These induct- 
for a resonance to occur with Xp at band-center, an un- ances are counteracted by the trim capacitors C’] and 
acceptable performance roll-off would be seen at the up- C'g. The wear block inductance could be calculated and 
per end of the frequency band. Overall performance is then used to determine the proper capacitance values. 
best when Co is calculated at a frequency within 20% However, since there are other, less obvious frequency 
of the upper end of the band. Since device gain increases and grounding effects which may influence the imped- 
as frequency decreases, the performance at lower fre- ance transformation, it is a more practical (and generally 
quencies is generally no problem. a more accurate) procedure to measure the impedance 
Using the MRF846 as an example, input and suiout which will be transformed by the transmission line to 
capacitor values may be determined as follows: 50 0. 


Test Fixture 


Triple Stub 
Tuners 
(or other 
tuning device) 


500 | 
Source 


Connectors Connectors 500 3 
SMA SMA Load 
or . : or 
OSM — : . OSM 


FIGURE 5 — BASIC CIRCUIT TO MEASURE Zjn, Zout 
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The capacitors Cy] and Co should be mounted into the 
test fixture and a known characteristic impedance trans- 
mission line soldered into place as. shown below in Fig- 
ure 5. | 

Triple stub tuners are used on the input and output 
to tune for maximum output power and minimum re- 
flected power at various frequencies throughout the 
band. Band edges and band center are generally ade- 
quate for a good circuit design. Due to higher impedance 
levels produced by adding Cj and Co, (Zin) and (Zoyt) 
are measured instead of the real transistor impedances, 
Zin and Zoyt. Also, by measuring impedances in the ac- 
tual applications fixture, the design can be optimized for 
the particular fixture. Perhaps a maximum gain tuning 
point is not what is desired. Obtaining impedances for 
an efficiency/gain compromise may be more desirable. If 
this is the.case, an impedance table for the appropriate 
conditions may be obtained. It is then for these imped- 
ances that Cy, Co and Zo will be calculated. 

The procedure for obtaining the impedances is simple 
and requires a vector voltmeter (VVM) or a network ana- 
lyzer. Both are used at Motorola, but a vector voltmeter 
is less expensive and if used with a high directivity di- 
rectional coupler, (>40 dB), is very accurate. The set-up 
is constructed as shown in Figure 5. With frequency set, 


stub tuners are adjusted for the desired performance. | 
Again, using the MRF846 as an example, numbers shown 


in Table 2.were measured for Pjy = 12.0 W, Vcc = 12.5 

The output stub tuners were adjusted for maximum 
gain at each frequency and the input stub tuners were 
adjusted for zero watts reflected power. After each mea- 
surement, the impedance presented to the fixture by the 


Direct 
_ Coupler 


pa | 40 dB 
| Signal 
| Generator 


| FWD 


Port A 
VVM 


Port B 
VVM 


TABLE 2 — PERFORMANCE OF MRF846 versus 


FREQUENCY | pe ce 4 
806 MHz 838 MHz 870 MHz 
Pout = 50.0W | Poyt = 48.3W | Pout = 44W 
Eff. = 53.3% Eff. = 55.2% Eff. = 58% 


Prefl. = OW Prefl. = OW Prefl. = OW | 
triple stub tuner and load (or source) combination is mea- 
sured by the vector voltmeter. The impedance is then | 
translated by the transmission line used in the test fix- 
ture to obtain (Zin) and (Zoyt). In the above example a 
26 0, 0.309A (@836 MHz) transmission line was arbi- 
trarily chosen to be in the MRF846 measurements. By 
using the equation: Z 49 = Rg [((1 + [4)/ (1 — T4or- 
various computer or calculator programs, the transfor- 
mation is easily calculated. The most important part of 
the whole procedure is obtaining an accurate measure- 
ment from the stub tuners. Prior to making any mea- 
surements, the vector voltmeter must. be referenced to a 
short (180° on a Smith Chart). As a means of accounting 
for the errors introduced by the connectors at the fixture’s 
input and output, that same connector is used for a ref- 
erencing short as shown in Figure 6. 

The measurement reference plane is now the edge of 
the connector used on the test fixture, which is also the 
beginning of the transmission line. Assuming the same 
reference plane is maintained during the measurements, 
an accurate impedance value will be produced. A good. 
technique for maintaining the appropriate reference. 
plane is accomplished by creating a new connector to 
measure the triple stub tuners. Two connectors are at- 
tached as shown in Figure 7. | 


Copper Strap 
to Short End 
of Connector 


fs 


OSM Flange 


FIGURE 6 — ESTABLISHING REFERENCE PLANE 


Cut Center Pins A big A 
Flush to Flange 


~ Pull Remaining Pins Out 
& Solder Together 


FIGURE 7 — MAINTAINING REFERENCE PLANE 
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The triple stub tuner, load combination may now be 
measured with an adequate degree of accuracy using the 
test setup shown in Figure 8. 


VVM = VVM New 
Aport Bport = Connector — 


Direct Coupler Jaw 


‘Signal 
Generator 


OSM OSM Triple Stub | 
Male Male Tuner 


. . FIGURE 8 — TEST SETUP TO MEASURE STUB TUNER W/LOAD _ 
Repeat the process for the input stub tuner combi- | 
nation. Two numbers are obtained for each frequency 


which (Zjyn) and (Zoyt) can be calculated from, as shown 
in the MRF846 example below: 


. ot TABLE 3 — MEASURED Z VALUES FOR TEST FIXTURE 


a se | I 46 converted . 
. Frequency . - Measured I 20 to Impedance in Ohms 
806 MHz © ~—_—sINPUT 0.352.155° 24.97 + j8.42 | 
OUTPUT 0.372 144° 24.86 + j12.53 
838 MHz INPUT |. 0.267. 166° 29.78 + j3.98 
-OUTPUT |. 0.22/ 154° _, 33.30 + j6.58 


Impedance Transformed 
Over 26 © Line in Ohms 
20.72 — j5.64 = [Zin*] 

17.72 — j6.66.= [Zoyt*]. 


JO = [Zin*) 

j.74 = (Zout*l . 
870 MHz INPUT 0.1472 — 169° : 38.25 — j1.99 j6.92 = [Zjn*] 
OUTPUT 0.077 — 158° 4410 — j2.24 18.3 = (Zout*l 


Note: [Zout*] is conjugate of [Zoy¢] 
[Zjn*] is conjugate of [Zj,] 


The new impedances can be obtained by using a Smith be optimized around. Once again, it is convenient to con- 
Chart or using the equation Z44 = Rg [(1 + TZ) —- vert these numbers into parallel equivalents. By doing 
I 4)]. These impedances (shown in the last column of so, the values of C’'] and C'Gg become more obvious. Table 
Table 3) are the impedances which the test. fixture will ' 4 shows this process. . 


Series impedance 
[Zin] & [Zoutl 


20.72 + j5.64 
17.72 + j6.66 
21.35 + jO 

18.68 + j.74 
20.21 — j6.92 
17.90 — j8.3 


From Table 4, notice the calculated values of C] and | produce a slight skew in performance toward the high 


Co come close to giving the desired frequency response. — _ end of the band. Capacitor values for the output could 
C’] is zero at the band center, indicating the capacitors be reduced slightly, but they will remain the same until 
selected for the input are optimum. The values for C’9 final fixture performance is determined. 
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Since C’'] and C’o are very small capacitor values, 


little or no capacitance is actually needed for C’] or C’o. 


However, to allow minor tuning adjustments, a small 


trimmer capacitor is mcluded at the wear block/trans- . 


mission line interface. 
The final calculation which needs to be performed is 
that of finding the optimum characteristic impedance for 


the transmission line. The recommended approach for 


doing this is to use a computer optimization program 


which will iterate any number of variables for a desired — 


frequency response. The variables available to be optim- 
ized at this point are Zp, C’] and C’o and even nA (trans- 
mission line length). Zp, C’] and C’o are the very min- 
imum variables. 


In the example of the MRF846, where input Rp varies. 
from 22.3 © to 21.6 © over the frequency band, a close 


approximation can be had by using a mean value of 
21.90. This results in a Zp of 50 x 21.9 = 33 ©. The 
output Rp starts at 20.2 ©, dips to 18.7 M and goes back 
up to 21.75 0. Using the same method as before, Zo is 
calculated as 50 x 20.2 = 
mean value of 18.7 and 21. 75. Using a computer optim- 
ization program, a 32 ©, quarter wave transmission line 


31.7 O where 20.2 0. is the 


Pout POWER OUTPUT (WATTS) 


Nc. COLLECTOR EFFICIENCY (%) 


VSWR 


ead 
ee 
ead 
ae 
= 
= 
ia) 
Ea] 
— 
aa 


UTA 
NEETU TLE 


830 840 850 
f, FREQUENCY (MHz) 


FIGURE 9 — TEST FIXTURE PERFORMANCE 
OF MRF846 


The goal was to demonstrate 12/40 W across the band 
with less than 2.0:1 input VSWR and greater than 45% 
collector efficiency. Further optimization could be done 


_by performing impedance measurements on additional 
__ transistors or characterizing the test fixture more ac- 


is optimum for the input and a 30 2 quarter wave line ~ 


- is optimum for the output. These are the values used in 
the MRF846 test fixture. 


- After constructing the MRF846 test fixture and tun- 


ing the small trimmer capacitors for best overall gain 
and input reflected response, the average data shown in 
Figure 9 was obtained. 


curately. However, the above performance is very satis- 
factory to the required performance. The best compro- 
mise for a second pass fixture would be to trade-off gain 
at 806 and 838 MHz for efficiency, and redesign input | 


and output matching networks for the new impedance 


_ tables. This, of course, is only one of the many procedures 


which may be followed in developing an 800.MHz test 
fixture. 
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MOUNTING TECHNIQUES FOR. 
_ POWERMACRO TRANSISTOR 


Prepared by 
Harry Swanson 


RF Product Development/Applications Engineer 
Motorola Semiconductor Sector 


For reliable operation, the PowerMacro plastic molded transistor 
"must be properly mounted. Methods of mounting and heatsinking 
are discussed. Tradeoffs of implementation and thermal performance 
are considered. | 


INTRODUCTION 


The Stripline Opposed Emitter (SOE) package when | 


used to mount an RF power transistor for output power 
levels less than 2.0 watts is excellent electrically but 
relatively expensive for the function performed. This ap- 
plication note describes an equally effective electrical 
package called the PowerMacro package. | 


The primary advantages of the PowerMacro package 
are (1) its low cost and (2) that it is a drop-in replacement 
for the 0.204” SOE pill or stud package using the same 
transistor die. Note that this package will also substitute 
for most low power applications of an SOE device with 
comparable RF and thermal performance. 


The PowerMacro package has excellent thermal prop- 
erties; however, it is essential to utilize proper mounting 
techniques. Therefore, this application note emphasizes 


STYLE 2: 
PIN 1. COLLECTOR 
2, EMITTER 
3. BASE 
4. EMITTER 


SEATING PLANE 


thermal considerations and mipthons of heat sinking the 
package. 


DESCRIPTION OF THE POWERMACRO 
PACKAGE 


Figure 1 is the case outline drawing of the Power 
Macro package. It is similar to the Macro-X package 
except for the wider collector lead. Figure 2 is a cut away 
view showing the component parts of a PowerMacro 
package. The package consists of an epoxy molded copper 
leadframe which has a 100 mil wide collector lead. A 
transistor die is silicon-gold eutectic die bonded to the 
collector lead and is wirebonded in a manner similar to 
the SOE package. Completion of the assembly process is 
accomplished by molding the copper leadframe and tin 
plating the four leads. 


—- 
=< 


[ti 


0.175 
0.075 
0.033 
0.008 
0.025 
0.348 
0.285 
0.097 


FIGURE 1 — Case Outline Drawing of the PowerMacro Package 
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Epoxy Mold: 
Compound 
Covering Leads 


Epoxy Moided 


Emitter Package 


Lead ne 
Collector 
Lead _ 


~ Emitter 
Lead. _ 


FIGURE 2 — Cut Away View of the ares Pastas 


THERMAL RATING OF THE POWER 
MACRO TRANSISTOR 


The RF PowerMacro transistor i is guarantéed to ave 


acertain thermal performance defined by the total device 


dissipation, Pp, at a certain case temperature, TC, which 
is measured on the collector lead immediately adjacent 


to the package body. The parameters are defined for Ty 


max of 150°C. In order to use the thermal data presented 
on the RF data sheet, the concepts and ground rules for 


heat flow must be defined. Table 1 compares the thermal 


parameters to their more familiar electrical analogs. The 
task of the designer is to get the heat out the collector 


lead (case) of the PowerMacro transistor. This presents. 


a classical heat transfer problem ideally calling for an 
“infinite heatsink” 


tical solution can be obtained. A practical heat sink is 
TABLE 1. Thermal Parameter and Their Electrical Analogs. 


Thermal 
Parameter — -Units* 


Peas 
Difference 


aoe 
Thermal 
Resistance Watts 
Thermal Cal 
Conductivity Sec-cm_ ap jee Sal 


Eleetilent ponales 


ee 
— 


‘Resistance 


_| Capacity : 


fiat 
Thermal Time] | Time Constant 
Constant 


*Note the one major difference in thermal and electrical units — Q ts 
in units of energy, whereas q is simply charge. Hence, H is in units 
of power and may be equated to an electrical power dissipation. 


which can absorb any amount of heat | 
with no temperature rise, AT, whatsoever. In a realistic 
sense, such a heat sink does not exist; however, a prac- 


oe jl 


characterized by a certain temperature rise, AT, for a 
given ambient condition with a known amount of heat 
input or power dissipation, Pp. 

When the collector lead and ambient temperature of 
PowerMacro transistor and power dissipation are known, 
then the thermal resistance from case-to-ambient can be 
calculated. First, the power being dissipated in the de- 
vice, De is obtained by: 


Pp = = PDC + Pin-Pout — Pref 


Where: Pp = Power dissipated i in transistor - in watts; 
-~ Ppc = DC power into transistor in watts; 
Pin = RF power into transistor in watts; _ 
Pout = RF power out of the transistor in 
. ~ watts; - 
Pref = RF input power tcheceal in. watts; 
Pp is used in the eaiaien below to obtain . 
OCA. : 
aoe “ Th! 
Where: 6CA = Thera resistance device case ‘to 
ne ambient 
_ Tc = Device case temperature. 
TA = Ambient temperature | . 
The junction temperature under a given 
batt condition is defined by: 
| = (¢jc + 6CA) PD + TA 
Where: 2 = Junction temperature 


Published thermal resistance junction- 
to-case. 


OIC = 


Since @jc is fixed by the transistor type used, the user 
can only control the junction temperature by OCA. 

A low @6CA requires an effective heat sink and inter-. 
face between the case and heat ‘sink. In general, an ef- 
fective heat sink requires that materials with high ther- - 
mal conductivity and high specific heat be used. A table. 
of thermal properties for various materials is found in 
the Appendix. A well designed interface and heat sink 
requires that all thermal paths be as short as possible. 
and of maximum cross sectional area. 


Surface “A’’ 


| Surface ’B” 


. FIGURE 3 — Bar of Conducting Material 


The thermal resistivity from Surface A to Surface B in 


the conductive bar shown in Figure 3 is: 
| ‘ | 


get 
KWL KA 
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Where: h = Length of thermal path 
A = Cross-sectional area of thermal path © 
K = Thermal conductivity — 


In order to define the thermal resistance factors still fur- 
ther for our purpose, ie A is defined as: 


: 9CA.= 9CS + OSA 
Where: 6Ccg = Interface thermal resistance — case to 
heat sink 
| OSA = = Heat sink thermal resistance — heat 


sink to ambient 


Thus the thermal resistance, junction-to- ambient is the 
sum of individual components and TJ is then defined as: 


TJ = Pp (ajc + 6cS + 694A) + TA 
This gives the basic thermal resistance model for the 
PowerMacro as indicated by Figure 4. 

The thermal resistance of the transistor (the junction- 
‘to-case thermal resistance), 6jc¢, is not constant; it is a 
function of biasing and temperature as given on the data 
sheet. The thermal resistance of the heat sink is also 
variable; it decreases as ambient temperature increases. 

The interface thermal resistance, 6c‘, is affected by 
the mounting technique and interface material used. . 

Since this thermal resistance may be significant com- 
pared to the others, it will receive primary emphasis in 
the following section on mounting techniques. 


Transistor Die 
Ty 


TL 


Collector Lead Se 
PC Board 


Ps a nterface 
| WI WILT. | 


Ty, Junction 
Temperature . 


Tc, Case .. 
Temperature . 


Ts, Heat Sink . 
Temperature 


Ta, Ambient 
Temperature 


_ FIGURE 4 — Thermal Resistance Model for 
the Power Macro Transistor 


MOUNTING TECHNIQUES I FOR 
POWERMACRO 


The available heat sink will vary depending on the 
application. In the case of the handheld radio, the heat 
sink is relatively small and lightweight. In the case of a 
predriver in a mobile radio the heat sink is relatively 
large but it is shared with other devices of higher power 
dissipation. In general, the size and weight of the heat 
sink should be as small as possible. 

The intent of this section is to discuss in detail the 
different techniques and tradeoffs involved in reducing 
the thermal interface resistance in the PowerMacro. 

The wide lead collector of the PowerMacro offers an 
excellent thermal path from the transistor chip. This 
wide lead should be utilized effectively to provide the 
best thermal interface. Since this lead is the output of 
the device, it is necessary to consider RF matching and 
DC biasing. Thus, the lead is usually mounted to some 


PC board material such as G-10, glass teflon, alumina, 


or beryllium oxide (BeQO). Table Al in the Appendix lists 
the typical thermal data from IR scans of the MRF553 
PowerMacro transistor (1.5 Watts Poyt — 7.5/12.5 V 
VHF device). The apa yee compares two PC board ma- 
terials: 


1. G-10 
2. Alumina 


for various operating conditions of Pout, Pp; TJ (diej junc- . 
tion temperature), Tc (collector lead temperature), and 
Ts (heat sink temperature).and Ta ~ 25°C. 

Figure Al shows the circuit used to provide the ther- 
mal data of the MRF553 device mounted to a 62 mil thick 
G-10 PC board. The device is soldered to the PC board 
which is mounted to a 3" x 5" x 3/4" aluminum heat sink. 

Figure A2 shows the circuit used to provide the ther- 
mal data of the MRF553 device mounted with alumina 
interface. The device is soldered into a specially con- 
structed socket (see Figure A3) which is mounted to a 
3" x 5” x 3/4” aluminum heat sink. The socket is copper 
and uses 28 mils thick alumina substrates (195 mils x 
250 mils) with 62 mils thick copper tabs.(125 mils x 250 
mils) on the input and output. These components are 
soldered together using high temperature solder. 

A comparison of the data in Table Al shows the rel- 
ative performance of the two mounting techniques. IR 
Scan II of the alumina/copper mounting technique 
clearly shows its superior thermal performance. Com- 
paring the data at Pp ~ 1.9 watts for IR Scan I (G-10 
PC board mounting) and IR. Scan II (alumina/copper 
mounting) demonstrate the better thermal interface us- 
ing alumina/copper. 9JS for the alumina/copper mount- 
ing is 30. ON while 6JS for the G- 10 board is 

39°C/W. ; 

As expected, the 6J[, is approximately the same for 
the two mounting techniques. The difference in @jg is 
dependent on the mounting technique used. The result- 
ing 6c¢ is calculated from the IR scan data by: 


~ 6CS = YS - AL 
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Thus for IR Scan I (G-10 mounting): 
OCS = (89-23.2) °C/W = 15.8°C/W 
Whereas, for Scan II (alumina/copper mounting): 
6CS = (30.7-24.4) °C/W = 6.3°C/W 
Therefore, the IR scan results show a marked improve- 


ment in thermal performance when using the arciainay 
copper. 


The heat Lemeading effects of the epoxy ‘mold com- 


‘pound are also analyzed by IR scan of a molded device | . - 


and an unmolded device. The molded device was chem- 


ically etched to expose the surface of the transistor die | 


while maintaining the maximum epoxy-compound 
around the transistor leads. The unmolded device was 
soldered into the RF circuit in leadframe form and then 
the lead interconnects were trimmed to make the part 
functional. 


A comparison of RF Scan I a RF Scan III shows that : 
the epoxy mold compound aids in spreading the heat from — 


the collector lead to the other three leads. For example, 
at Pp ~ 1.9 watts, the junction temperature, TJ, of the 
molded device is only 106.2°C versus 154.3°C for the 


unmolded device. Thus, the heat transfer ability of the 


epoxy mold compound is significant. 

Additional heat transfer can be realized by applying 
a small amount of heat sink compound to the heatsink 
side of the PowerMacro package and by mounting the 
device so that the package body contacts the heat sink. 
The thermal conductivity of the heat sink compound 


(K=0.0026) and it is 3 times better than G-10 


_ (K=0.0056). Table A2 in the Appendix lists and defines 


the thermal conductivity K, the specific heat S and mass © 
density P of various materials. 


SUMMARY | 
This application note. malized the IR scan results in 
Table Al to quantify | the tradeoffs in performance of the 


two mounting ‘techniques. A more rigorous analysis 


should be made by the designer when ‘considering a par- 


- ticular application of a PowerMacro device. In a partic- 


ular application, vn usually are certain constraints, 


‘such as: 


(1) Ambient and operating conditions 

(2) Available heat sink size 

(3) Available circuit layout space 

(4) PC board material choice 

(5) Assembly manufacturing techniques that are 
available and cost effective 


These constraints may limit the designer’s available Op- 


tions in providing the best interface and heat sink for 
the PowerMacro transistor. 
The PowerMacro package is an excellent RF low 


- power package. With proper mounting and applications 


of device specifications, the transistor will function re- 


_. liably. The data sheet specifications for aj,,, TL, and Pp 


(K=0.0018) is close to that of the epoxy. mold compound 7 


are based on mounting the device to G-10 PC board or 
equivalent at Ta = 25°C. 


APPENDIX 


Table Al lists the IR s scan revulte of the MRF553 PeweeM sere Harntisteve comparing two ) PC board materials, 
The mounting and RE circuit techniques are shown in Figures Al, A2 and A3.. a tags 
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Mounting » 
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(Case Material) 
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IN) 
_ 
b 


TABLE Al. IR Sean Results for MRF553 PowerMacro 


Ckt. 
OJL Oj, |Heatsink] ys ‘yie Ta (°C). 
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FIGURE A2 — Circuit Using Alumina/ 
Copper Socket 


Copper Tabs (62 Mils Thick) 


Silver Ribbon to 
Electrically Connect 
Socket in Test Fixture 


<—— Alumina Substrates (28 Mils Thick) 


FIGURE A3 — Alumina/Copper Socket 
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The IR scans were made using a Barnes radiometric 
scope (Model No. RM2). The transistor’s active area was 
IR measured at 6 points to adequately map the junction 
temperature. Also, the collector lead was IR measured 
immediately adjacent to the body of the package to obtain 
the case temperature, Ty, of the device (see Figure A4). 


Active Area of Transistor 
Chip. 


Transistor Chip 


a Collector Lead 


FIGURE A4 — IR Scan Map 


Each operating condition chosen was allowed to reach 
steady state before the IR scan measurements were 
made. . 


In order to aid in heat sinking and mounting designs 
a table of thermal properties of common materials is 
presented. Three important thermal properties of com- 
mon heat sink materials are given in Table A2. These 
properties should be considered in order to properly eval- 
uate the choice of materials used in heat sinking/mount- 
ing of a PowerMacro for a given application. 


Thermal Conductivity is a measure of the ability of a 


material of known cross sectional area to transfer heat 
_a given distance in a given time with a given temperature 
difference. Generally. metals are good thermal conduc- 
tors. a: ee | 


Specific Heat is a measure of the amount of heat a given 
mass of material can accept for a given rise in temper- 


ature. The scale is normalized to the heat capacity of 
water (H2O0 = 1.0). 


Mass Density is simply the mass per unit volume of a 


material. This parameter is important in heat sink de- | 
sign in as much as large heat sinks of dense materials 


are undesirable. 
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The devices were decapsulated using a machine called a 


“Jet Etch.” This machine is manufactured by: 


B & G Enterprises 
62B Hanger Way | 2 Os 
Watsonville, California 95076-2486 | 


The jet etch machine uses hot sulfuric acid to decapsulate 
the molded device. The device can be decapsulated so 
that there is no mechanical damage, no corrosive dam- © 
age, and no loosening of external leads. Thus, the device 
is fully RF functional. . 


TABLE A2. Typical Thermal Properties of Materials 


Thermal Specific Mass 
Conductivity K | HeatS | Density, P 
~ | (Cal/Sec-cm-°C)* | (Cal/gm-°C) | (gm/cm-°C) 


“Tose | 0.008 


89 

ee 

Brass | 026 | 0004 | 86 
24 

| 78 

87 


Material . 


Copper 


Aluminum 


Silicon 
Steel : 
Solder - 


Kovar - 


: 2.8 
: 2.7 
: 2.4 
78 
8.7 
[ooo [| o2 | 20 | 
| ooo =| 02 | 20 
) 


Alumina : 
Ceramic 


Plastic Epoxy 


Glass 


Teflon 


* . 0.00056 0.25 


60.2% 

02 — 

0.2 
Heatsink. 0.0018 Ra 


Poone | 02 


- *Conversion Factor: 1 watt/m = 2.39 x 10-3 Cal/Sec. cm. The ther- 


mochemical calorie = 4.184 joules. The absolute joule per second or 
watt is thus related in terms of calorie per second. 


A Cost Effective VHE 
For Land Mobile 


By Ken Dufour — 2 Soy. 
Motorola Power Products Division 


INTRODUCTION 


This application note describes a two stage, 30 watt 
VHF amplifier featuring high-gain, broad bandwidth and 
outstanding ruggedness to load mismatch, achieved by 
use of the new MRF1946A power transistor. It uses a die 
geometry intended for RF power devices operating in the 
UHF region. The emitter periphery (EP) to base area (BA) 
ratio of this die is 4.9, up from the normal EP/BA range 
of 1.5 to 3.5 for VHF devices. Power sharing and current 
sharing in the chip are controlled with diffused emitter 
resistors. The end result is a VHF transistor with very high 
power gain (10 + dB), sufficient so that processing steps 
can be taken to provide tolerance to load mismatch while 
_ still maintaining excellent performance. By mounting this 


Radios 


die in the 0.380 flange or stud package and providing 
characterization data that spans 136 to 220 MHz, Motorola. 
has provided a very versatile component for the RF 
designer. 


CIRCUIT DESCRIPTION 


Smith chart techniques were used to develop the two 
stage amplifier shown pictorially in Figure 1 and sche- 
matically in Figure 2. The end result is an amplifier that 
can produce 20 dB overall gain in the specified band (150 
to 175 MHz), with a midband efficiency of 50 percent. The 
Motorola MRF237 was selected for the driver stage. This 


Figure 1. Engineering Model of MRF1946A Wideband Amplifier 
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common emitter (TO-39) RF power transistor produces 
high-gain, is easy to mount and is cost effective. In this 
design, the MRF237 is inserted into a hole in the circuit 
board and soldered to the ground plane for heat sinking, 
as shown in Figures 1 and 3. This method of attachment 
also provides a very effective emitter ground connection. 
By introducing a small amount of forward bias (5-15 mA) 


to the MRF237, it will track low drive levels and help © . 
maintain stability in the input stage. The amplifier is con-_ 


structed on 1/16”, double sided G-10 board with 2 ounce 
copper cladding. A photomaster of the printed circuit 
board is shown in Figure 4. The top and bottom ground 
planes of the board are connected by wrapping the board 
edges with thin copper foil (0.002”) and then soldering it 
in place. Figures 1 and 3 illustrate how and where the 
board edges are wrapped in the prototype amplifier. No 


eyelets or plated-through-holes are required to achieve 


the level of performance noted here. Printed lines are 


used to match the devices’ input and output impedance. - 


to 50 ohms, and an inductor and two capacitors form the 
interstage match. This allows some flexibility in shaping 
the overall frequency response and helps conserve board 
area. The MRF1946A stage is operated in Class C and is 
mounted to the heatsink using conventional methods, 
i.e.; an 8-32 stud inserted into an appropriately prepared 
heatsink. An alternate packaging arrangement, the 0.380 
flange, allows one to attach the transistor to the topside 
of the heatsink with two. screws. A Motorola Application 
Note on mounting techniques for various semi- 
conductors is available and provides detailed information 


on installing either of these package styles (see reference 


1). Additional information on thermal considerations can 
be found in reference 2. Performance of the amplifier is 
illustrated in Figures 5, 6 and.7. Figure 5 is a plot of Pout 


versus Pip, at 160 MHz, 12.5 volts; Figure 6 shows output 
- power, input VSWR and collector efficiency as functions 


of frequency; while Figure 7 demonstrates harmonic con- 
tent for 30 watts output power, 


B 
7p 
ae Ls 
MRE 
1946A 
6 iO 
ke) 
Tt sib RFC2 
B 
-ouTPut ae ee 


C1 = 56 pF Dura Mica 

C2 = 39 pF Mini-Unelco. | 
C3, C7 = 68 pF Mini-Unelco 
C4, C5, C6, C9, C10 
C8 = 250 pF Unelco J101 | 

C11 = 36 pF Mini-Unelco 

Ci2 = 43 pF Mini-Unelco © 

C13 = 1 pF, 25 V Tantalum 

C14, C15 = 0.1 wF Mono-Block 
C16 = 10 uF 25 V Electrolytic ._ 


Figure 2. Schematic Diagram of MRF1946A Wideband 


= 91 pF Mini-Unelco 


D1 = Diode, 1N4933 or Equivalent 
L1 = Base Lead Cut to 0.4”, Formed - 
~~ Into Loop~ 
L2 = Collector Lead Cut To 0. 35", Formed 
. «Into Loop. 
L3 = 0.7" #18 AWG Into ion 
Ld =.7 Turns. #18 AWG, 1/8” ID 
£5 = 3 Turns #16 Enam, 3/16” ID 
R1-= 10 QO, Va Ww Carbon me 


Amplifier 
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aa ‘R2 = 1500 Q, 1/2 Ww (Select For 


Most Appropriate ICQ) 
RFC1 10 wH Molded Choke 
‘RFC2 = 0.15 wH Molded Choke 
RFC3 = VK200-4B Choke 


‘21; 22 = Printed Line 
23 = 50 Ohm Printed Line 
_., B = Ferroxcube Ferrite Bead 


56-590-65-3B 
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D1: C13 oR Ld C14. OB L5 C15 ~~ RFC3 C16 


_C4, Co FROM C7 C8 —-RFC2 C9 C10 - - C1 
BASE TO GROUND . iS Oe os : 


Figure 3. Parts Placement 


The Printed Circuit Board shown is 75% of the original. 


NOTE: 


Figure 4. PCB Photomaster 
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Figure 5. Output Power versus Input Power — a “Figure 6. Oiipuee Power Efficiency, and input 


_ VSWR versus Frequency 


CONCLUSIONS 

The two- -stage amplifier described produces greater 
than 20 dB gain with 30 watts of output power over the 
frequency range of 150 to 175 MHz. Ruggedness and — 
stability are achieved by use of the new MRF1946/A — 
power transistor. The amplifier illustrates that relatively 
unsophisticated construction techniques properly imple- 
mented with the appropriate high gain devices can pro- 
vide a cost effective 30 watt VHF amplifier for land mobile - 
applications. 


OUTPUT POWER (dB) 
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A HIGH- PERFORMANCE VIDEO AMPLIFIER FOR HIGH 
_ RESOLUTION CRT APPLICATIONS 


1. INTRODUCTION 

This application note describes the superior 
performance characteristics of Motorola CRT 
driver transistors in a state-of-the-art video 
amplifier. In particular, the high speed obtain- 
able with low DC power consumption is shown. 
A circuit which is insensitive to load variations 
and interconnect methods is given. : 


il. APPROACH | 
The performance Re CNSIEIS for the amplifier are - 
these: 


Voltage. Gain 0 

Rise and fall times GOS” 2s 
Ouput = tisti—<is~‘i‘ié«sO Ve ep mii. 
Overshoot 6% max, 
Load capacitance. 8 pFmn 2. 
Power supplies SOV, 5 V, -bY 


The voltage gain is obtained in a transconductance’ 
amplifier in the form of a common-emitter, 
common-base cascode circuit. In. this circuit the load 
Capacitance is isolated from the cascode by a set of 
complementary: emitter-followers. Thus, the 
capacitive: loading on-the cascode is low, which 
allows operation at a moderate dissipation level. 


The emitter followers are biased at a Class “B” 
operating point. They conduct only during voltage 
transitions, while charging or discharging the CRT 
capacitance. This operation is similar to the way 
highly efficient C-MQS fogic ICs function. 


’ The emitter followers provide a combined output © 


signal from a low impedance, or stiff" source. This 
stiff source makes the entire circult insensitive to 


load variations and to different methods of connect- 


ing the video amplifier to the CRT. 
lil. THE CIRCUIT 


A. The Input Circuit 
Refer to the circuit diagram in Figure 1. A fast 
pulse generator is required for accurate perform- 
ance data. The Tektronix Model PG5O02 is a good 
_ example..of a pulse generator for optimum perfor- 
mance, versatility and price considerations. The 
pulse generator has a rise time in the range. of .8 
‘ns and an output impedance of 50 ohms. A 
_ Minimum-loss L-pad is used between the generator 
and the base of.the driver transistor, 01. The im- 


~ pedance level. at this point is designed to be 75. 
.. ohms. The voltage attenuation of. the men cir- 
cuit is 0.64... 


B. The Cascode Circuit 


1. The Common-emitter stage uses an 
T1001 transistor in a TO-39 package. The 
emitter current of 70 mA is supplied from a -5 
_.V source via resistors R4, and Rb. For ac, only 

R4 at 15 ohms ts operative. R4 and the built-in 
emitter-ballast resistor of 1.6 ohms, determine 
the transconductance of 01, which is then 60 

mAlV. 


Both the emitter current and the collector cur- 
rent of this stage follow the base voltage almost 


~ jnstantaneously. Computer simulation has shown 


that the transition times are less than 1 ns. The 


transconductance may be increased during the 
‘transition times by adding the “peaking-network” 


Rs, Cz, C3. Adding this network is very much 
like adjusting the rise time.in the probes of fast 
oscilloscopes. In the cascade circuit under discus- 
sion the “peaking” network compensates rise 
time deterioration at the collector by speeding 
up the emitter current of 01. This procedure 
must be applied with moderation since it may 
affect the large-signal swing capability. The 
resistor, Ré, should be equal to or larger than 
R4. The capacitor, C2, determines the length of 
time during which “peaking” occurs. The product 
of Re and (2 is typically a few nanoseconds. 
The trimmer, C3, can be used for fine-tuning, 
but is usually nat important and may be omit- 
ted. If there is lead inductance associated with 
the path from the emitter of Q1 through C3 to 
ground, use of C3 may cause "nging at high 
frequencies. 


2. The common-base stage uses an L1181/ 
transistor in a 10-117 package. Since the tran- 
sistor must dissipate continuously some two 
Watts of DC power, good heatsinking is man- 


datory. The TO-117 package provides a high- 


conductance thermal path to a heatsink or 
chassis. At the same time, 't adds only minimal 
capacitance to the circuit. 


(1.5 pF 
MEASURING 


Figure 1. Circuit Diagram of Video Amplifier 
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Figure 2E. 10 nsec Pixels 10 V p- Figure 2F. 10 nsec Pixels 40 V p-p. 
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The common-base stage has ‘near unity current." 
gain and acts as an impedance transformer, pro- hs 
“viding. a current: source at-its collector.. This cur-.” 
rent. charges the combined collector. capacitances ae 
me pole from Class: ue in the direction: of “AB.” 


‘of Q2, and the emitter-followers, 03 and 04, 
‘which add up. to about-5 pF at the. operating. 
point. To this total one must add about one pF. 


“of. stray capacitance. A load- or ’ ‘oull: up” resistor ee 


_of 430: ohms is used at the collector of-the 
common-base transistor, 02. The rise, time at. 
his Pain may. be calculated: to be: 2 ae 


= 3+ 2s Pix 430 « Op - 87.08 


“the value i is ir ciel fi the sidition ae a 


"peaking coil of .22uH: Theoretically, the -rise oe 


iE EE De Oy Loe [aout Fe simpler: more primitive way ‘to avoid thermal 


overshoot) by optimizing the inductance. Due: to 
the non-linear nature of the capacitances to be 
compensated for here, different effects result for 


rise and. fall. times. This situation requires: a com- | 


promise resulting. in a practical improvement. of 
less than’ the theoretical ‘transition: time. Never-: 


| theless; 3 ns transition, times. are obtained at ‘e He 
__collector of: Qe by. means of. the emitter a peaking, on 


discussed eater. 


“The T1817 | is: plckagat in a.common- ‘base con 


figuration. This. means. that: the transistor: base is 
‘connected to two. symmetrical low- inductance 
base leads. ‘As is: well known, base-lead induc- 
tance may cause instabilities in common-base 


configurations. To prevent this’ fram eae: ue 


- base ‘damping resistors, R7 and Re, have been ~ 


“added. The value of. these resistors depends on - 


the device bias point and the circuit’ layout, If 
oscillations occur, they would. be near. a Giga- 
hertz or higher, and therefore maynot be seen’ 
on anything but a “sampling oscilloscope. They — 
will affect rise times and ‘output swing -capabili- 
ty. Instabilities may be easily detected with a: 


spectrum. analyzer connected to: the: input jack. at 
the video: amplifier. Enough signal will feed back ~ 
through the collector lacie of. tO to reach ~ 


the aaNet 


3. The ‘ius Gees Q3-and. Q4, are a 
: complementary pair of transistors, (11829. and 


T5839, in T0-39- packages. The transistors are : 
biased to the threshhold of conduction by two 


diodes, Di and. 02. These diodes. should be 
“relatively large; ‘slow rectifier types, ‘each pro- . 
“viding no more: than .0.6V" of bias with. a’ for: 
ward. diode current of 70mA. ‘The diodes have: 
low, largely Capacitive impedances at high fre 


quencies, and should be connected with short cs 


“leads between the bases of Q3 and 4." 


The emitter followers provide temporary herding Ae 


currents to the output circuit whenever the 


voltage across the load is changed. incase of a 


display with high contrast and many transitions, 


~ the current in Q3 and Q4 may become ap- 
preciable,. causing the transistors to heat up. The~ 


elevated junction temperature shifts: the. bias 


If the emitters: a these transistors were con- 
‘nected directly, a DC component of current. 
_ would flow from the 60 V supply: through. the . 
~ “devices to ground: This “pole-current” would fur- 


ther heat up the junctions and might lead to 


~~ thermal runaway. In the circuit described, this 
" situation is prevented from occurring through the 
. use.of the: emitter stabilizing resistors Rid. and 7 
oS RY. Using capacitor; C4, prevents deterioration : 


of the. synarne operation of the circuit 


problems, is to use only one bias diode, or none 


at all. Doing this, however, has serious effects 
~on the gray scale linearity at mid-range. 


.- 4. The:output circuit. The 11839 and 
_. 175839 transistors have excellent peak current 
‘handling capabilities. Their emitter currents react 
. > virtually instantaneously to the base voltage. - 

~*~ Even when supplying several hundred milli: - 
“amperes of peak charging current, the: base- to 
emitter gain holds up: well. It is therefore 

“possible to drive more elaborate load. configura- 
'.... tions than a bare capacitance. This ability may. - 

ease interconnect problems. The circuit described”. - : 
in Figure 1 is powerful. enough. to” accommodate : 

~ a piece of shielded cable between the CRT and 
~ the video amplifier. A twin-lead line or a single 

wire connection may also be used instead. of the 

~. shielded cable. The circuit is not only able to. 
~. drive elaborate interconnect networks, but also. 
“to handle substantially larger CRT: capacitances 
~ without significant penalties in rise and fall 
times. For instance, this circuit is capable of driv- 
ing 15 oem 3.8 ns transition ‘times. | 


An all cases, “the presence of additional reactive: . 
circuit elements causes the output circuit to have _ 
: resonances, which will. cause ringing: or over: 

~ shoots, if the output circuit is not properly 
~. damped. To this'end, a variable resistor, Ri2, iS: 
included in the circuit, When adjusted for critical 
~~ damping, the waveform will look smooth across 
~ the load career 


oat the demonstration circuit, (Fig. 1, 365 pf 


chip: capacitor simulates the CRT cathode © 


—.” fapacitance. It is connected across a special jack: 
which has been: designed for the Tektronix FET - 

© probe, Type 6201. Probe, jack and chip have a. ~ 
“combined capacitance of 8pF. The FET probe | 

= may be: used i in Conjunction. with Tektronix 

~ sampling scopes or real-time scopes with band- 

~~ widths of 300 oe or more. 
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~ One may be tempted to use. slower instruments, 
such as’a 200 MHz type, and correct mathe- 
~ matically for the additional transition time con- 
tributed by the scope. We. do not recommend : 
‘this approach since slower scopes appear to pro- 
- duce wave shape’ distortions which lead | to 
; seating rise- -time values. 


OW. ‘AMPLIFIER PERFORMANCE | 
Figure 2 contains photographs’ showing rise and fall 
- times at 10 V. and 40 V peak-to-peak swing. Also 
~~ shown are some response curves generated by the 
"well-known circuit analysis program SPICE. Careful 


modelling of the semiconductors used, according to 
the theory of Gummel and Poon, resulted: in good 


- agreement between computer and. laboratory- 
“generated performance data. In addition, computer - 
analysis: offers insights, which cannot be obtained by 

7 practical measurements. 


— Shown.in Figure 3 are the superimposed plots of the 


input voltage at the base of Q1 andthe output 


voltage across the CRT capacitance. The second set 


of plots, Figure 4, displays the: collector-current wave 


BG form of Q1.and the combined emitter circuits of the 
- complementary set of emitter followers. The collector 


current of 1 shows clearly the effect: of ’ ‘peaking,” 


_: introduced by the emitter circuit components, R6, C2 
and C3. Note that under full swing conditions. (40 V 
os pep output), the waveforms are not quite sym- 


metrical. The effect on the transition times of the 


~ output: voltage, however, is minimal 


The example fawn in both. Fas J and 4 cor- 
“responds. to a pixeltime of 10 ns, which is the. prac- 
tical minimum for a system with 3 ns transitions. 
_ When operating continuously at this rate, approx- 
- imately 25mA of average current flows in each one 


‘of the emitter-followers. This causes a significant rise 
in case. temperature for these devices. It is therefore 
recommended that clip-on heat radiators be used. . 

There is no electrical penalty for this measure, since 


the collectors are on ground potential. 


a “ein becomes absolutely mandatory if - eX- 
“ ‘plores the limits of the amplifier ae Sperating at 100 


MHz and: beyond. 


V. CONCLUSION. 


An amplifier was developed which meets all needs. of 


a high-resolution CRT monitor. While practical con- 

"siderations played an important part in the circuit . 

7 -Tealization, the primary. purpose was to demonstrate 
“transistor capability. It is hoped that enough - 

~ background information was given to allow the 
reader to 0 tatlor his circuit to his speci needs. 
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Figure 3. Computer Generated Voltage Plots 
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A HYBRID VIDEO AMPLIFIER FOR HIGH RESOLUTION 


Motorola RF Devices has used their unique high 
frequency RF semiconductor capabilities and thin 
film hybrid expertise to produce a hybrid video 
amplifier with less than 2.9 ns rise and fall time 


for a 40 V output swing. This video amplifier pro- 


vides a low power dissipation solution to a prob- 
lem that has been limiting the performance of 
ultra high resolution CRT monitors: video ampli- 
fier speed.. Many of the 1024 x 1024 and 

1280 x 1024 pixel, 64 kHz horizontal sweep rate. 


CRTs that are used in CAD/CAM and high resolu- - 


tion graphics applications have not realized their 
potential performance because of the speed of 
their video amplifiers. Video amplifiers with 
3.5-4 ns rise and fall times often found in these 
high resolution CRTs do not provide optimum 
picture quality when the CRT has approximately 
10 ns to energize each pixel. A slow video amp 
will produce dimmer vertical lines than horizon- 
tal lines or may force monitor designers to other 
compromises such as a slower sweep rate which 
may produce flicker, or lower cathode voltage 

- which will produce a dimmer picture. The hybrid 
described here solves these problems.: 


SUMMARY 

The Video Amplifiers, CR2424 and 

CR2425, are hybrid integrated circuits designed 
for high resolution CRT Video Amplifier applica- 
tions. They are capable of delivering 40 volts - 
peak-to-peak output with overshoot typically less 
than 5% into an 8.5pf load. Typical 10-90% 
transition times are 2.6 nsec with a bandwidth 
of better than 130MHz. They have excellent 


gray-scale linearity, are dc coupled and do not re- 


quire an external load-resistor. 


CA Low Profile 


CR2424 


CRT APPLICATIONS 


‘CONSTRUCTION 


A. Mechanical — 
The amplifier is housed in a proven package, 


_ which consists of a plastic housing, attached to 
‘an aluminum heatsink. Dimensions and pin con- 


figurations are shown on the attached specifi- 


~ cation sheets. The circuit uses special silicon 


transistors mounted on heat spreaders on an 
alumina substrate with thin-film resistors and 
gold metalization. The substrate is soldered to 


- the heatsink. 


The heatsink is supplied in two versions, CA Low 


Profile which is designated CR2424, and a taller 


heatsink version, CR2425. These two package 


~ styles are shown in Figure 1. The electrical 


characteristics of these two amplifiers are iden- 
tical. The heatsink style choice should be based 
on ease of mechanical/electrical interface. In both 


~ cases, the heatsink is at ground potential and 


should be attached directly to the chassis or ex- 
ternal heatsink for mechanical stability and heat 


conduction to ambient. 


This CR2424 hybrid driver can also be supplied 
in a hermetically sealed package. The hermetic 
version is designated CR2424H and can be 
screened to Mil Std 883 method 5008. 


B. Electrical. 

The circuit uses bipolar silicon transistors in a 
two-stage feed-back amplifier configuration. The 
output is supplied by emitter-followers. Because 
of the complementary circuitry employed, there is 
no need for a load (or pull-up) resistor. 


CR2425 


Figure 1. Package Types 
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_ The power consumption is typically 3.0 watts for 


average picture content and a maximum of 6.0W 
for 10ns continuous black to white transitions or 
worst case situations. The electrical pin connec- 
tions are shown in Figure 2. 


C. Thermal 

Thermal analysis of an amplifier design is a very 
essential issue to ensure amplifier reliability. Heat 
is one of the most critical factors that deter- 
mines how long the amplifier operates. 


The ability to examine the CRT circuit thermally 
under operating conditions is absolutely 
necessary. The infrared microscanner was used 
for evaluation of the CRT hybrid amplifier from 
the standpoint of thermal resistance and 
operating temperature. 


With the heatsink temperature stabilized at 
60°C, the maximum transistor junction | 
temperature was measured at 108°C. This is a 
very safe value, especially for devices with all 
gold metalization as used here. The maximum 
temperature occurs when the output voltage is 
either at its lower or upper extreme. Under this 
condition the maximum power dissipation on the 
die will be approximately 1.6W. Thus, the 
thermal resistance can be calculated to be 
30°C/W. 


Under normal operating conditions (normal 
operating conditions means an average picture 
content) the hottest transistor will dissipate ap- 
proximately 1W. Again, with the heatsink 
temperature stabilized at 60°C, the transistor 
junction temperature will be GO°C + 30°C/W x 
1W = 90°C. This is a very safe value for this 
kind of amplifier for a long life time. 


CR2424 


OUTPUT 


+Vcc 
(CASE 714G-01, STYLE 1) 
Figure 2. Pin Configuration P/N CR2424 
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APPLICATIONS 


A. Output Characteristics 
The hybrid is intended to be used as the final 
stage of very fast video circuits. Properly driven, : 
it can produce continuously alternating 10 nsec 
pixels with 40 volts swing and excellent bright- 
ness. The nominal load-capacitance is 8.5pf. 
Other values may be accommodated, since the 
output voltage is supplied by a pair of emitter 
“followers, and is fairly insensitive to changes in 
load cepacia, 


Often a wire connection of some length between 
the output of the module and the CRT cathode 

. Cannot be avoided. In this case a resonant. circuit 
is formed, which may cause objectionable ringing 
or overshoot at its resonant frequency. To avoid 


this condition a damping resistor must be used in - 


series with the lead inductance. For critical 
damping the value of this resistor becomes 


27 FE 
gol 


A resistor is often desired at this position also 
for protection against arcing. In practice, the op- 


timum value of resistance may be determined ex- - 


perimentally during the bread-boarding stage. 
Typical values are 50 to 100 ohms. The lead- 
inductance may be artificially increased by a few 
tenths of a microhenry to obtain a‘ desired peak- 
ing effect. Any change in inductance will require 
readjustment of the damping resistance, as 
_ Stated by Equation (1). 


A short piece of cable (75 or 93 ohm) or 300 
ohm twin-lead, terminated by a capacitance, will 
act similar to an inductance in the frequency 
range involved. In this case a damping resistor 
must also be used. 


The output terminal of the hybrid is not short- 
circuit proof. Any resistance from this point to 
either ground or B+ should not be less than 600 
ohms. 


B. Input and Transfer Characteristics 
The de transfer characteristics of the module are 
_ shown in Figures 3, 4 and 5. 


It is seen from Figure 3 that, at dc, an input . 
current swing of +6.25mA causes the output 
voltage to change by + 
(see Figure 4). relates the input voltage, as 
measured at RF input port to the output voltage. 
The amplifier is phase-inverting. The ratio be- 
tween these voltages is approximately 13.5. 
From the above values, one may calculate a low 
frequency input impedance of ey ohms at 
the RF input port. 


Figure 5 is a plot that relates the input voltage, 
as measured immediately at module terminal 1, 


20 volts. The next plot 


to the output voltage. The ratio between these 
voltages is approximately 230. From the above 
values, one may calculate a low-frequency input 
impedance of 415 ohms at Pin 1. 


Pin 1 is n internal de feedback node and thus, 


as we can see, has a low impedance looking in. - 


from the outside. Pin 1 must be fed from a 
series network made up of a resistor with a 
shunt capacitor for high frequency pre-emphasis. 
An appropriate input network is shown in Figure 
7 and is included as part of the standard test 
fixturing. . 


With the input terminal open, a dc level of 
approximately 1.4 volt exists at this point. Under 
this condition the module output voltage is 
approximately one-half of the supply voltage 
applied. 


GENERAL CONSIDERATIONS 
A. Test Circuit 
The test circuit used to evaluate the hybrid 


module | is shown in Figure 7. 


The input is driven from a fast pulse. generator, 


such as the Tektronix model PG502. It is impor- 


tant that the internal generator impedance is 50 
ohms. It is also advisable to keep the cable 
length between the generator and the test circuit 
at a minimum; preferably only a barrel connector 
is used. 


Since the module is dc coupled, the input drive 
voltage must be adjusted such that the driving 
wave form is centered around 1.4 volts. If the 
pulse generator used should not allow the setting 
of the dc level, a biasing current, injected at 
module terminal 1, through a resistor of more 
than 1 kiloohm, may be applied in order to ad- 
just the desired quiescent point of the output 
voltage. 


The output is taken from terminal 9 with an ac- 
tive FET oscilloscope probe fitted with a 100:1 
voltage divider. This probe adds 1.5pf to the 


- load capacitance, bringing the total load 
Capacitance to 8.5 pf. 


The input circuit contains a series resistor and 


“capacitor in parallel, which is tuned for good 


response when driving with a 50 ohm pulse- 
generator. These components pen a RC 
“peaking” circuit. 


B. Practical Circuits 
The module is best driven from a low-impedance 


- source, such as an emitter follower. The reader 
~ IS invited to experiment with a circuit as shown 


in Figure 8. 


| The driver transistor can be an LT2001, 
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© R2 = 215 


biased at about 30mA. The collector lead must 
be by-passed for RF as close to the transistor as 


_ possible. For all common-collector (or common- 


base) circuits, a base resistor of 20 ohms is 
recommended. It helps suppress spurious oscilla- 
tions, which may occur in the GHz range and are 
difficult to detect. Resistors R1, R2 and R3, and 
capacitor C1 and coil L1 are adjustable for 
desired circuit gain and response. Typical values 
may be: 


50 


QOpF - 
502 
50nH 


The pulse generator used should allow changing 
the dc level in order to set a quiescent bias point 
of about 1.4V at the input of the module. 


C. Frequency Response 
In the literature and in many equipment specifica- 
tions frequency response and rise-times are often 


‘treated as having a fixed bail lh The equa 


tion frequently quoted is 


tr(10-90%) = 35 30B (2) 


_ It can be shown that (2) indeed applies for the | 


simple case of a single-pole R-C network. In reali- 
ty, video amplifiers have much more complicated 
transfer functions, and the above equation holds 


~ true only in a very general way. 


In addition to the proper gain response, another 
amplifier characteristic is of great importance. 
Since a symmetrical square wave consists of a - 
fundamental frequency and odd harmonics 
thereof, the preservation of the phase-relationship 


_ between all frequency components, while passing 


through the amplifier, must be guaranteed. This 
requirement is tantamount to specifying a “‘linear- 
phase” response or, in other terms, a uniform 
delay. Amplifiers having constant group delay ex- 
hibit smooth, monotonically decreasing frequency- 
response curves. One must be wary of responses 


which show ripple or peaking at high frequencies. 


Although sometimes impressive in terms of band- 
width, such amplifiers often have poor transient 
response. Shown in Figure 6 is the sine-wave 
frequency response of the CR2424 in its 

test fixture with the input variables previously. 
adjusted for best rise and fall times. The output 
voltage is 20V peak-to-peak. The sine-wave sig- 
nal generator has a 50 ohm internal impedance. 
The ~3dB point occurs at about 200MHz. For 
AQV output swings the -3dB bandwidth is 
typically 145MHz. Actual photographs of 
CR2424 output waveforms driving a 8.5 pf load 
are shown in Figure 9. 
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Vin D.C. (RF Input Port) 


Vour D.C. 


Figure 3. Output Voltage versus Input Current 


CRT Hybrid Amplifier CR2424 


0 20 , 400° 60 


Vout D.C. 


Figure 4. Voltage Ratio at RF Input Port 


INPUT 


Ci = 7.0 pf + 
Ri = 0 - 500Q © 1.5 pf Probe Cap. 
Ri Typical = 2159 - 
Ci = 10-150pf 1 


Ci Typical = 9Opf ‘ ~ 
Vcc =. GOV Nominal ee 


Figure 7. Test Circuit | 
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Figure 6. Frequency Response of CR2424 


Figure 8. Experimental Circuit 
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Scale 10V per Oi. Rise Time (10-90%) Scale 10V per Div. == Fall Time (10-90%) 
tr = 2.2nsec tr typical = 2.5nsec ss tf = 2.2nsec tt typical = 2.5nsec 


Scale tov ao Output Signal at 40V p-p— 
7 > f= 5O0MHz (10nsec Pixels) 


Scale 10V per Div. rae Vout = pp f = 67Hz | Seg Tees Scale 10V ier Div. | Vout = 40r p-p 


: _ Figure 9. CR2424/2425 Output Waveforms Across 8.5 pF Load 
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- MECHANICAL AND THERMAL CONSIDERATIONS IN USING 
RF LINEAR HYBRID AMPLIFIERS — 


By Don Feeney | 


Motorola RF Devices. 


"ABSTRACT 


- Motorola's thin film hybrid amplifiers are medium power 


(0.2W to 2.0W power output) broadband devices (1 to _ 


1000 MHz) that are biased in a class A mode for linear oper- 


ation. To insure a proper electrical/mechanical interface with - 


adequate RF/thermal characteristics, certain guidelines are 


presented for the design engineer to obtain maximum elec- 


trical performance and the oe operating life. 


THERMAL CONSIDERATIONS 


A question that often arises from engineers using our. hybrid oo 


amplifiers is “What is. the thermal impedance?” Thermal 


impedance (expressed as 0)C) is a very real and important — 
parameter for the RF design engineer using discrete solid - 


state devices. However, this term loses its meaning in a multi- 
stage hybrid amplifier. Each stage may be biased at different 


quiescent conditions resulting in different junction tempera-__ 
tures under a.given set of environmental conditions. Addi- 
tionally, hybrid circuit design engineers may speak of #C 
referring to the thermal impedance of a single transistor die 


mounted on a hybrid circuit using their particular assembly 
processes. However, this term has no meaning to the cus- 


tomer using their product who can only compute the power 


consumption of the total amplifier. 

_ To avoid this confusion, Motorola RF Devices simply rates 
the maximum operating case temperature for their RF linear 
hybrid amplifiers. These amplifiers are designed so that under 


the worst case operating conditions, the maximum junction 


temperature of any of the transistor die will be below 150°C. 


This junction temperature correlates with our two years of | 


accumulated reliability data which hs an MTBF in 
excess of 142 years: 


HEATSINK YOUR HYBRID 


~ Like all RF power devices, hybrid amplifiers require: heat- 


One additional note of caution. DO NOT attempt to lap or 
file the heatsink of the hybrid amplifier. Not only does this 
void the warranty (considered “mishandling” by the manu- 


_ facturer), but you can induce substrate. cracking during the 


machining operation. If you need a shorter heatsink, consider 


the hermetic package option or the low profile package avail- 


able on some models. Motorola RF linear hybrid amplifiers 


‘are shipped with a mounting surface flatness of + .002". To 


improve heatsinking, thermal grease can be used. 


PRINTED CIRCUIT BOARD INTERFACE 


All Motorola RF linear hybrid amplifiers are internally 
matched to a nominal characteristic impedance of 50 or 75 


ohms, both at the input and the output. This not only reduces 


the external components normally required to match to these 
impedances in discrete designs, but it also simplifies the 
requirements for interfacing printed circuit board connections 


‘— for short path lengths, strip line width has little effect on 
RF performance. 


“Motorola RF linear hybrid amplifiers featinen 020" diameter 
gold plated pins' spaced at .100” centers. Nominal pin length 
is .460” (.375” for hermetic package).? There is provision for 


~~’ a total of nine pins, but unused pins will be missing (refer to 


pin configuration diagram for the particular hybrid amplifier). 


~ Viewing the hybrid from the top, pin 1 is identified on the left. 


This is the RF input, usually transformer coupled.? The two 


: adjacent pins are ground connections. The middle three pins 


are reserved for power supply connections. Positive polarity 


“units have the power supply in pin located in the middle.* 


sinking for. proper operation. How much heatsinking is nec- 


essary? As much: as is required to maintain the case oper- 
ating temperature at the maximum: value under worst case 


ambient temperature and maximum supply voltage. The pres- 


ence or absence of the RF signal is insignificant due to the — - 


class A bias. conditions. Reducing the supply voitage. will 


decrease the power. consumption, but it will also decrease ~ - 


the linearity. Attach the hybrid amplifier directly to the chassis, 


to a module card sidewall, to a small baseplate, ortoamount- . . 
ing bracket that is. connected to one of the above. But. before . 


you complete’ your design, verify that the maximum case 


(flange) temperature for the hybrid amplifier is within the man-— 
ufacturer’s spaced limits under yOUK worst case epoatng 


conditions... 


Units designed to operate from a negative supply have the 
power supply connection offset one pin to the left to guard 
against inadvertent installation in an improper test fixture. The 


~ extreme right hand pin is the RF output, and the two adjacent 


pins-are ground connections. All ground connections are 
internally connected to the flange, except as noted on the 


_ functional schematic (refer to particular data sheets). . 


EXTERNAL COMPONENTS 
- Although it is not specified as a requirement. on the data 


sheets, itis usually good RF practice to add.a low impedance 


RF bypass. capacitor (e.g., 0.1 uF chip capacitor) located 
near the power supply pin. Additional decoupling is normally 
not required. However, some Motorola RF linear hybrids 


require external chokes and capacitors for proper operation.® 


* Chip capacitors are recommended. A broadband 30 wH RF 


~ choke may be constructed by winding 30 turns of #36AWG 
‘magnet wire on a Ferroxcube 891 T050/4C4 core (alternate 


core is Indiana General P/N CF 12001). With an accompa- 
nying order of hybrid amplifiers, this choke may be pone 
inrougn Motorola. 
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For Motorola hybrid amplifier model CA2820, the external 
chokes isolate the transistor from the power supply. Posi- 
tioning of these chokes will have an effect on the high fre- 
quency end of the amplitude response. 


TEST FIXTURES 


Figures 1 through 10 detail the assembly of standard test 
fixtures for Motorola’s line of RF linear hybrid amplifiers. Much 
of this mechanical information will prove useful to the engi- 
neer who is designing one of these units into his equipment. 
The details of the test fixture assembly for the CA2820 pre- 
sented in Figure 7 apply to most of the standard RF linear 
hybrid amplifiers (just substitute PC boards, adjust pin spac- 
ing, and remove external components as required). Special 


NOTES: 


provisions for adapting this same test fixture.for the low profile 


package, the bent pin option, and the hermetic package 
option are presented in Figures 8, 9, and 10. 


' Pin diameter for hermetic package is .018”. 

2 These pins will mate with sockets manufactured by 
Amphenol (P/N 502-20071-572) and Barnes (P/N 027-018- 
02). : 


3 Except for CA2820, which has an internal DC blocking 


Capacitor at the input. © 

4 Except for CA2820 and CA2870. Refer to individual data 
sheets. ae ae | . 

5 e.g. CA2820, CA2870 
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STRIPLINE 
WIDTH .120 


1. All dimensions in inches, tolerance +.005. | 
- 2. Material is double sided glass epoxy (G10), 
1/16" thickness, 1 0z. cooper, soider plated. 
3. TF-06 used for CA2820 only. All other models use 
TF-03. 


Figure 1. PC Board Construction for Hybrid Amplifier Test Fixtures 
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DRILL ¥% TAP THRU 
6-32-UNC 2 PLACES 


| DRILL AND TAP 6-32 
4 PLACES ~ 


290 
~.072. 
R. TYP. 
<a ee? 3 Jy 250 DIA. 
| — 3 , | C’ BORE. 
DRILL AND TAP 4.40, 4 PLACES | 
NOTES: | 
1. All dimensions in inches, tolerance + .005 : : 
2. Material is 3/8 aluminum 
L | . Z ae 
» satan! | 350 115. 157 515 
Figure 2. Heatsink Base Plate Construction for Hybrid NOTES: , | 
Amplifier Test Fixture , 1. All dimensions in inches, tolerances + .005. 
2. Material is aluminum. | 
| .162 
| 156” DIA. . ' Figure 3. Adapter for Hermetic Package to Standard 
yt yS _ Hybrid Amplifier Test Fixtures 
375 ) 
Figure 4. Adapter for Low Profile Package to Standard —_ c 
Hybrid Amplifier Test Fixtures — : 7 
; geo MILL SLOT 
10 .065"" 
: BELOW PIN 
300 shot se 
.156" DIA. 
AMPHENOL P/N US-625/U (509) 
TROPOMETER P/N UBJ-20 (75Q) 
Figure 5. Spacer for Bent Pin Package Option to Figure 6. Modifications to BNC Connector 


Standard Hybrid Amplifier Test Fixtures 
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EIGHT PIN SOCKETS 
AMPHENOL P/N 502-20071-572 
BARNES P/N 027-018-02 _ 


PRINTED CIRCUIT BOARD 
(FIGURE 1) 


FOUR SCREWS, 4-40 THREAD 5/8" LENGTH 


SOLDER PIN SOCKETS TO PG BOARD SO THAT 


h = .180 + .005" . 
SLOTTED BNC CONNECTORS (FIGURE 6) 


Hl FOUR SPACERS, OD = .250", 1D = .116" 
LENGTH = 250° 
" ALUMINUM BASE PLATE 
(FIGURE 2) 


RF CHOKES TRW PIN 11F 11294 


TWO 0.1uF CHIP CAPACITORS: 
- USCC P/N WO50FH104AZ (or equivalent) 
ONE 0.01uF CHIP CAPACITOR: 
USCC PIN WO508F 103AZ (or equivalent) 


MOUNTING HOLES FOR HYBRID AMPLIFIER 
4+ SECURE WITH 6:32 %" SCREW | 


NOTE: POSITION RF CHOKES AS 
REQUIRED FOR BEST HIGH 
FREQUENCY RESPONSE 


TWO SCREWS, 6-32 THREAD 
%** LENGTH | 


. SPACER (FIGURE 5) 


PIN SOCKETS SPACED AS REQUIRED 
_, AMPHENOL PIN 502-2007 1-572 
_ BARNES P/N 027-018-02 


- PRINTED CIRCUIT BOARD 
(FIGURE 1) . 


FOUR SCREWS, 4-40 THREAD 
%" LENGTH 


TWO SLOTTED BNC CONNECTORS © 
(FIGURE 6) . 


FOUR SPACERS, OD = .250°: 
ID =:.116", LENGTH = 335° 
ALUMINUM BASE PLATE (FIGURE 2) 


MOUNTING HOLES FOR HYBRID 
SECURE WITH %'" 6-32 SCREWS 


SOLDER PIN SOCKETS TO PC. 
BOARD SO THAT d= ..165"".+ .005 


Figure 9. Text Fixture Assembly for Hybrid Amplifiers 
with Bent Pin Option (Case 714J-01) 
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SPACER (FIGURE 4) © 


PIN SOCKETS SPACED AS REQUIRED 
AMPHENOL PIN 502-20071-572 
BARNES PIN 027-018-02 


PRINTED CIRCUIT BOARD 
. (FIGURE 1) 


FOUR SCREWS, 4-40 THREAD, 


5/8" LENGTH 
SOLDER PIN SOCKETS TO PC BOARD . 
le SOTHATh = 180" + 005 
h TWO SLOTTED BNC CONNECTORS _ 
ale ae (FIGURE:6) ~ 


FOUR SPACERS, OD = .250 


1D» .116 
LENGTH = .250" ; 


MOUNTING HOLES FOR HYBRID AMPLIFIER 
SECURE WITH %”” 6-32 SCREWS 


Figure 8. Text Fixture Assembly for Hybrid Amplifiers 
in Low Profile Package (Case 714G-01) 


ADAPTER (FIGURE 3) 
PIN SOCKETS AS REQUIRED 


AMPHENOL P/N 502-20071-572 
BARNES P/N 027-018-02 


PRINTED CIRCUIT BOARD 
_ (FIGURE 1) 


ue 


FOUR SCREWS, 4-40 THREAD, ° 
5/8" LENGTH 


‘SOLDER PIN SOCKETS TO PC BOARD 
SO THAT h = 180" + .005" 


TWO SLOTTED BNC CONNECTORS 
(FIGURE 6) : 
FOUR SPACERS, OD =. .250"’ 
LENGTH = .250". a 
ALUMINUM BASE PLATE (FIGURE 2) 


; fo = 116 


SECURE ADAPTER WITH TWO HEX. 
. SCREWS, 6-32 THREAD, 5/8" LENGTH 


MOUNTING.HOLES FOR HYBRID — 


AMPLIFIER i 
SECURE WITH 6-32 THREAD, 


%" LENGTH 


Figure. 10. Test Fixture Assembly for Hybrid Amplifiers. 
in Hermetic Package (Case 826-01) 
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MOUNTING TECHNIQUES FOR RF HERMETIC PACKAGES 


ABSTRACT 


Motorola RF .Linear Hybrid Amplifiers a are | 


available in three package types; the plastic 
“CA” package, the low profile “CA” package, 
and the hermetic SINGLE-IN-LINE-PACKAGE 
(S.I.P). The two “CA” type packages are dis- 
cussed at length in applications note AN1022, 
“MECHANICAL AND THERMAL CONSID- 
ERATIONS IN. USING MOTOROLA RF LIN- 
EAR HYBRID AMPLIFIERS.” The hermeti- 


cally sealed package will be dealt with in this _ 


note. Guidelines for obtaining suitable inter- 
face between these packages and the printed 
circuit board are presented as well as Hi-Rel 
screening capabilities for military applications. 
Proper attention to mechanical details will 
insure long operating lifetime with ppamom 
electrical performance. 


THERMAL CONSIDERATIONS . 
A question that often arises from engineers 
using our hybrid amplifiers is “What is the ther- 
mal impedance?’’ Thermal impedance 
(expressed as 6jc) is a very real and impor- 
tant parameter for the RF design engineering 
using discrete solid state devices. However, 
this term loses its meaning in a multi-stage 
hybrid amplifier. Each stage may be biased at 


different quiescent conditions resulting in dif- 


ferent junction temperatures under a given set 
of environmental conditions. Additionally, 


hybrid circuit design engineers may speak of 


6jc referring to the thermal impedance of a 
single transistor die mounted on a hybrid circuit 
using their particular assembly processes. 


However, this term has no meaning to the cus-: 


tomer using their product who can only com- 


pute the power consumption of the total 


amplifier. 

To avoid this confusion, Motorola RF 
Devices simply rates the maximum operating 
case temperature for their RF linear hybrid 
amplifiers: This information is given in Table 1 
under Case Burn-in temperature. These 
amplifiers are designed so that under the worst 
case operating conditions, the maximum junc- 
tion temperature of any of the transistor die will 
be below 150°C. This junction temperature 
correlates with our two years of accumulated 
reliability data which predicts an MTBF in 
excess of 142 years. 


HEATSINKING 

The RF S.I.P. outline is shown in Figure 1. 
This package is used for medium power ampli- 
fiers with up to 15 watt of D.C. power dissi- 
pation. The RF SIP package is mounted on 
the groundplane side of the printed circuit 
board, with the pins soldered on the circuit side 
of the board. This mounting technique is com- 


patible with the technique used on lower power 


TO-8 packages. Due to the large amount of 
power dissipated in the package, the PC. 


board groundplane may not provide adequate | 
heatsinking. Additional. heatsinking will gen- | 


erally be required to insure that the case tem- 
perature is kept below the maximum rating. 


151 ota - 


017 *PIN DIA. 
019 


eae 1. RF SIP Option (Case 826-01) 


This additional heatsinking can be easily pro- 
vided by a commercial heatsink sandwiched 
between the amplifier case and the P.C. board 
as shown in Figure 2. How do we determine 
which heatsink will work best for a given appli- - 
cation? In order to answer this question, two 
important heatsink characteristics must be 
examined. The first characteristic is the thick- 


ness of the heatsink plate. Short lead lengths © 


are a must for optimum RF performance. Since 
the amplifier leads must pass through both the 


heatsink plate and the P.C. board: before mak- 


ing electrical contact, the minimum lead length 
is determined by the total thickness of the 
board and plate. As a rule of thumb, this com- 
bined thickness should be less than 0.190” for 
operation to 500 MHz and less than 0.165” for 


operation to 1000 MHz. The second important 


heatsink characteristic is the thermal effi- 
ciency. The heatsink must provide a low ther- 
mal impedance path from the amplifier case 


-to ambient. Heatsink manufacturers refer to 
this impedance as @ca and they specify it in 


°C per watt. Low values of @C,a correspond to 
high heatsinking efficiency. We will now exam- 


ine several heatsinks which have both thin 


mounting surfaces and high efficiency. 
For applications where air flow around the 


- heatsink is available, low cost finned heatsinks 


can be used. The heatsinks shown in Figures 
3 and 4 are of this variety. The heatsink shown 
in Figure 3 (AAVID' #6070) has a mounting 
surface thickness of 0.091” and a ca Of 7.2°C 
per watt for a 4” section. If this heatsink were 


HEATSINKING . 
PLATE 


GROUND PLANE OF 
P.C. BOARD 


CIRCUIT SIDE OF 
PC. BOARD 
FLAT WASHER 
LOCK WASHER 


y= Hex NUT 


Figure 2. 
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Figure 3. 


used with a common glass-epoxy PC. board, 
0.062” thick, the total thickness of the board 
and heatsink would be 0.152”. This combina- 
tion would allow amplifier operation to 1 GHz. 
Also, for each watt of D.C. power dissipated 


in the hybrid, the case temperature will rise - 


7.2°C above ambient.- The heatsink shown in 
Figure 4 (AAVID' #60235) has a flange thick- 
ness of 0.109” and a 6ca of 6.0°C per watt for 
a 4” section. For applications. where air flow is 
not available; the configuration shown in 
Figure 5 can be used. Here, a custom heatsink 
was built out of aluminum and bolted to a chas- 
sis (infinite heatsink). The mounting surface 
thickness for this heatsink is.0.062” and the 
6CA Was measured at 1.8°C per watt. 


In order to demonstrate this mounting tech- 
~ nique, an amplifier. was built using the heatsink. 


shown in Figure 3, and 0.062” G-10. circuit 


board. The amplifier (see photo) consists of.a . 


TO-8 hybrid driving an RF SIP hybrid. The 
overail gain is 29 dB from 10 MHz to 700 MHz, 
with a third order intercept point of 41 dBm. 


Total D.C. power dissipation on the board is . 


6.8 watts resulting in a temperature rise of 
50°C from case to ambient. Since both hybrids 
are rated at 100°C maximum case operating 
temperature, the maximum ambient temper- 
ature will be limited to 50°C. 


HI-REL SCREENING 


Motorola RF Linear Hybrids in the RF S.LP. 


package are available with Hi-Rel screening 


to Military Standard 883C Method 5008 with | 


the following exceptions: 


@ Substitute Motorola internal visual specifi- 
caiton for Method 2017. ; 


e@ Substitute case burn-in temperature listed 


_in Table 1 for temperature in Method 1015. 


e Substitute constant acceleration level in 
Table 1 for level in Method 2001. 


Consult the factory for specific requirements. 


Table 1. 


PART # 


CA2800H 
CA2810H 
CA2812H 
CA2813H 
CA2818H 

-CA2820H 
CA2830H 
CA2832H 
CA2840H 
CA2842H 
CA2850RH 
CA2870H 
CA2875RH 
CA2876RH 
CA4800H 
CA4812H 
CA4815H 
CA5800H 
CA5815H 
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CASE BURN-IN- 


TEMP. (°C) @ 
Vcc 


100°C: @ 24V .- 


100°C @-24V 
100°C @ 24V 
100°C @ 24V 


100°C @ 24V 


80°C @ 24V 
100°C 24V 
60°C @ 28V 
90°C @ 24V 
90°C @ 24V 
100°C @ 19V 
100°C @ 24V 


100°C @ —19V- . 


100°C @ -19V 
100°C @ 24V 
100°C @ 12V 
100°C @ 15V 
100°C @ 28V 


100°C @ 15V_ 


AMPLIFIER 


CHASSIS 


a 


~ CONSTANT 
ACCELERATION 

LEVEL 
(METHOD 2001) 


CONDITION A 
~ 2.5Kg 


CONDITION B 
2.5Kg 


. CONDITION A 


CONDITION B 
2.5Kg 
2.5Kg 
CONDITION A 


CONDITION: A: 
CONDITION A 


2.5Kg 
CONDITION A 


"CONDITION A 


CONDITION A 
CONDITION A 
CONDITION A 
CONDITION A 


_ CONDITION A 
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RF LINEAR HYBRID AMPLIFIERS 


Two sources ; of a new family of medium power broadband gain blocks 
for RF applications. 


By Don Feeney 


Reprinted with permission from “nf design’ magazine 


A new class of low cost, high performance hybrid 
amplifiers has emerged to assist the design engineer 
working ‘in. the frequency range of 1 to 500 MHz. 
Utilizing the low distortion and wide dynamic range 
performance technology developed for the CATV 


industry, these amplifiers feature power output capa- : 


bilities previously unavailable in hybrid circuits. 


What Are They? > 

RF linear hybrid amplifiers represent a new family of 
mediumpower, broadband gain blocks for multi pur- 
pose RF applications. Internally matched at both the 
input and the output for either 50 ohm or 75 ohm.sys- 


standard gain block used in CATV repeater amplifiers. — 


_ Using resistive feedback techniques to assure product 


tems, these devices cover gains ranging from 17 to. ~. 


as 35.dB, and can accommodate output power levels in. 
excess of 400 mW. Linear class A bias conditions - . 


accommodate third order intercept values in'excess of - 


+45. dBmV. Depending on quantity and model se- 
lected, most prices fall in the range ‘of $30. to $60. 


If- you've been using. transistors ‘like. the 2N3866, : 
* . 2N5109; or stud mounted devices, read on. : You may a 


save a lot more. than just design time: 


Construction — 


RF. linear hybrid amplifiers utilize the thin film manu- 
facturing and construction techniques developed for 
_the demanding CATV industry. All ceramic substrates 


~ are alumina (A1203) with gold-conducting paths. Resis- 
‘tors are either cermet or nichrome, and are laser - 
trimmed to:better than one percent tolerance. For maxi-... 
~ mum MTBF,. gold metallized transistor die ‘are used in- 


— corporating. resistive -ballasting . in. the emitter fingers 
to provide even thermal distribution across the surface 
corporating resistive ballasting in the emitter fingers 
to provide even thermal distribution across the surface 
of the die and to eliminate ‘‘hot spotting.” These tran- 


sistor die are subjected to rigorous testing through 


an extensive wafer qualification program before being 
mounted on the circuit. The hybrid manufacturer must 
insure that the transistors used will. meet the exacting 
requirements for gain, distortion, and noise figure. 


Basic Circuit 

To meet the stringent performance requirements of 
low distortion and low noise figure, the basic parallel 
cascade circuit shown in Figure 1 has emerged as the 


uniformity, this basic circuit accomplishes gain func- 
tions ranging from 17 to 25 dB. For higher gain models, 
two sections of this circuit are cascaded as shown in 
Figure 2. To accommodate the increased package 
density in the same form factor, the transmission line 
transformers are mounted on a bridge assembly sus- 
poe above the stb etale: . 


Packaging Technique 

The form factor standardized by the. CATV agustty 
allows the hybrid amplifier to be bolted directly to the 
chassis frame for maximum power dissipation. The 


_ pins are located on 0.100” centers for easy connection 
to a printed circuit board. Mating sockets are manu- 


factured Amphenol (P/N 502-20071 - “572) and Barnes 


(P/N 027-018-02). 


-One note of caution. DO NOT attempt to lap or. file 


: ‘the heatsink of the hybrid amplifier. Not only does this 


void the warranty (considered “mishandling’’ by the 
manufacturer), but you can induce substrate cracking 
during the machining operation. 


Heatsink Your Hybrid 


: Like all RF power devices, hybrid amplifiers require . 


heatsinking. for proper operation. How much heatsink- 
ing is necessary? As much as.is required to maintain 


the case operating temperature at the maximum value 


- under worst case ambient temperature and maximum 
- . supply voltage. The presence or absence of. the RF 


signal is insignificant due to the class A bias condi- 
tions. Reducing the supply voltage will decrease the 
power consumption, but. it will also decrease the 
linearity. Attach the hybrid amplifier directly to the 
chassis, to a module card sidewall, to a small base- — 
plate, or to a mounting bracket that is connected to 
one of the above. But before you complete. your de- 
sign, verify that the maximum case (flange) tempera- 
ture for the hybrid amplifier is within the manufac- 
turer’s specified limits under your worst case operating 
conditions. This will-‘insure that the maximum junction 


“temperatures of the individual transistor die will not be 


exceeded (usually 140 C). 


Figure 1. Single Parallel/Cascade Circuit 


Figure 2. Double Parallel/Cascade Circuit 
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Electrical Performance Features 


~ Gain — RF linear hybrid amplifiers are fixed gain 
devices (17 to 35. dB) which are fully cascadable for 
additional: gain. If adjustable gain (AGC) is required 
for a particular application, it must be added externally 
(as with a conventional pin diode attenuator). . 


Frequency Range — These hybrid amplifiers utilize 
broadband transmission line transformers and 5 GHz 
fT transistor die to achieve wide bandwidths and linear 


_phase response. Although some models may be opti- 


mized over a particular frequency range to fit-a certain 
market, these hybrid amplifiers will often deliver satis- 


factory performance beyond the frequency ranges — 


specified by the manufacturer. 


impedance — All hybrids are internally matched at 
both the input and the output for either 50 or 75. ohms. 
This not only reduces thé external components nor- 
mally required to match to these impedances in dis- 
crete designs, but it also simplifies the requirements 


for interfacing printed circuit board connections. For | 
short path lengths, strip line width has little effect 


on RF performance. 


Output Power — FF linear hybrids are often operated °. 


at power levels well below their maximum output 
capability (for example, in receiver applications). In 
such cases, operation at a reduced power supply volt- 
age is recommended to reduce power consumption 
(assuming the full dynamic range is not required). 

The maximum power capability for linear class A 
operation of these circuits may be restricted by several 
factors: 

a) The operating supply voltage, which limits Ine 
maximum AC peak to peak: swing. 

b) The quiescent bias conditions, which limit the 
maximum current swing across the transformed 
loadimpedance. _ 


Reliability Screening, Military Applications 
Since reliability is a mafor factor in the profitability of 
CATV systems, the component manufacturers who 
are supplying hybrid cirucits in volume to this com- 
petitive industry have developed extensive data bases 
to insure the reliability of. their product. Additional 
reliability screens uncommon to.commercial products 
are often added at the manufacturer's expense to in- 
sure against field failures. Reliability is a major con- 
sideration, but these hybrid devices were not designed 
to qualify to MIL-STD-883, level B. 

For example, the caps are sealed with epoxy: (non 


c) Core saturation in the output transformer, a condi- 
tion aggravated by high permeability ferrites oper- 
ating at high ambient temperatures. | 


Changes in Performance with Supply Voltage — 
Simply as a point of reference, most RF linear hybrid 
amplifiers are characterized at a supply voltage of 
24V. However, a design engineer may operate above 
(to increase available output power) or below (to 
reduce DC power consumption) the rated supply volt- 
age and observe little or no change in gain or fre- 
quency response. However, certain specifications are 
directly affected by the supply voltage: 

a) Current-consumption. These hybrid amplifiers are 
biased (quiescent operating point) in a linear mode 
for class A operation. The higher the supply volt- 

-age, the more current they draw. The lower the 
supply voltage, the lower the current consumption. 
There is a 1:1 linear relationship between supply 

_ voltage and current consumption: Therefore, power 
consumption varies as the squre of the Supp 
voltage. 

Output power capability. As the supply voltage 
increases, so does the maximum. available output 
power (higher peak to peak AC swing is possible 
across a given load). 

Linearity. Third order intercept, a measure of lin- 
earity, is directly related to supply voltage. In many 
applications, however, these RF hybrid amplifiers 
offer more linearity than required. In these cases 
operation at a lower supply voltage is. recom- 
mended to reduce power consumption. | 

Noise Figure. Just like a low noise transistor, the . 
lower the bias current (or supply voltage, for these 
hybrid amplifiers), the lower the noise figure. 


sion. line transformers prohibits excessive levels of 
mechanical shock and variable frequency vibration. 
‘However the manufacturers should be consulted for 
specific applications, because hybrid amplifiers of this 
generic type Have qualified for certain military 
programs. gti nti Bf 


Why Usea Hybrid Circuit? 

Many engineers can design -a circuit. with discrete 
components to do exactly what they want. Selecting 
a hybrid amplifier from a standard product line results 
in some compromise, ‘but usually offers several 


hermetic). The physical mass, ofthe ferrite transmis- advamagcs: 


Who Uses Them? | 
Because of their wide bandwidth and linear Sperations RF linear nybree are effective for digital (or pulse) applications a as well as 
for analog waveforms. Their unique combination of hgh performance over a broad Heaven range and low cost make them the 
‘ideal choice for a. broad specnam of major aike'S: oa, 


Markets Applications Key Features 
Communications Networks Antenna Distribution . Linear Phase Response ~ 
Long Haul or Data Bus Cable Drivers (502 or 752) Wide Bandwidth, Low Distortion 
Coaxial or Fiber Cable ~ CCD Drivers High Power Output Capability . 
Communications Radios IF Amplifiers Unconditional Stability and Linear 


HF, VHF, UHF 

Commercial or Military 
Satellite Ground Stations 
High Speed Facsimile 


Local Oscillator Buffers 

Repeater Amplifiers 
_ SAW Filter Amplifiers me 
Signal Processing Equipment —- 


Operation into Highly Reactive Loads 
Infinite VSWR Protection 

High Third Order Intercept — 

Excellent Impedance Match 


Telemetry Swept Measurement Testing Low Noise Figure, Wide pypamic 
Radar . Transmitter Drivers Range | 
ECM 


Instrumentation 
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SATELLITE COMMUNICATIONS EQUIPMENT 


MUX 
(SCPC OR 
EQUIV.) 


LEVELING 
CONTROL 


WIDEBAND 
DOUBLER 


FREQUENCY 


APPLICATIONS 
DME, TACAN, IFF APPLICATIONS 
RADAR, ECM, DRONE APPLICATIONS 


COMBINED OUTPUT _ 


- APPLICATIONS 
LINEAR POWER AMPLIFIER FOR FM, 
DIGITAL, DATA, OR VOICE CHANNELS 


DRIVER FOR ENTENDED LENGTHS OF COAX 


to i: 
1000 MHz 


~ HIGH POWER 
“AMPLIFIER 


BROADBAND SWEPT INSTRUMENTATION 
HF THROUGH UHF TRANSMITTER DRIVERS 


AMPLIFIER 


TRANSMITTER DRIVER 


Performance — The. product of years of research, the 
RF linear hybrid offers the design engineer low distor- 
tion levels, wide dynamic range, and noise perfor- 
mance that are difficult to achieve in discrete form. 
This “extra margin” of performance may. enhance the 


overall equipment design or allow more competitive | 


specifications. 


Size — If. space is a consideration in . equipment 
design, the added rea! estate Pinon for discrete 
circuitry may be prohibitive. 


Reliability — The high degree of reliability demanded 
by the CATV industry has already been discussed. But 
given equivalent manufacturing and screening meth- 
ods, hybrid cirucits offer improved system reliability 
Over a circuit comprised of multiple discrete com- 
ponents. This reliability improvement is a result of 
reduced package count, fewer solder interconnects 
(each interconnect is a potential failure point), and 
system level testing and screening performed by the 
hybrid manufacturer. Consequently the hybrid manu- 
facturer. Consequently the hybrid manufacturer is 
accepting a larger responsibility for reliability. The 
delivered product is a combination of many discrete 
components tested as a complete system. Losses. due 


to individual component interaction or failure are iso- | 


lated during the manufacturing cycle. 


HIGH POWER 


APPLICATIONS 
HF, VHF, UHF FREQUENCY RANGE 
AM OR FM TRANSMISSION 
COMMERCIAL OR MILITARY EQUIPMENT 
N-WAY POWER SPLITTER 


b) 


8/12/16 WAY 
SIGNAL 
SPLITTER 


ANTENNA DISTRIBUTOR 


Cost — The raw cost of materials to build a replace-- 
ment discrete circuit for a particular application is usu- 
ally less than the initial price of a hybrid. However, the: 
following factors are often overlooked in many equip- 
ment designs:.. 

a) The hybrid manufacturer is HesoroinG the costs of 
~ incoming inspection, assembly, and test’ on the’ 
circuit he is providing.- Manufacturing costs for 
equipment using discrete circuitry are always 
higher than equivalent equipment utilizing commer- : 
cially available hybrid circuits. This is especially 
true if any tuning or tweaking oe the circult is 
required. 

An equipment manufacturer's cost of procure- 
ment and cost of stocking are higher for a multi- — 
component discrete circuit than fora single thin 
film hybrid amplifier. These higher costs apply not 
only during the production build cycle, but through- 
out the lifetime of the equipment (spare parts 
inventory). 

Engineering costs to design reliable. replacement 
circuit. Don’t forget to include the time spent in _ 
“debugging and optimizing the circuit, and the time 
spent in productions support. The manufacturers 
of these RF linear hybrid amplifiers have spread 
their development costs over more than 1,000,000 
units operating in the field. 


Cc 


—", 
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HIGH PERFORMANCE RECEIVER APPLICATIONS 


FO APPLICATIONS 
LINEAR IF AMPLIFIER 
BUFFER AMP FOR HIGH LEVEL MIXER 
‘-REPEATER AMPLIFIER FOR FIBER OR 
COAXIAL CABLE COMMUNICATIONS 
HIGH DENSITY PACKAGING 
ELECTRO/OPTICAL EQUIPMENT, SAW APPLICATIONS FIBER OPTIC APPLICTIONS 
, @ < LASEROR 
SIGNAL MATCHING "SLED DIODE 
PROCESSOR NETWORK 
APPLICATIONS 
ACOUSTO-OPTIC MODULATORS 
FIBER OPTIC LASER/LED DRIVERS 
SAW FILTER AMPLIFIERS 
DRIVERS FOR CHARGE COUPLED DEVICES 
SUITABLE FOR ANALOG OR DIGITAL. 
MODULATION, ALL TYPES OF WAVEFORMS 
isthe RF Linear Hybrid The | what it costs your company to implement a discrete 
Right Choice For My Design? design. One thing you can be sure of: the thin film 
In the end, the choice between a standard hybrid am- . hybrid amplifiers described in this article have been 
plifier and a discrete circuit must be made by the de- proven in production and will be around for a long, 
sign engineer. Find out what's available from the long time. Probably longer than the discrete transistors 
various manufactureres, what their prices are, and — they are replacing. 
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RELIABILITY CONSIDERATIONS IN DESIGN AND USE OF 


RF INTEGRATED 


By . a | 
James Humphrey and George Luettgenau 


ABSTRACT 


Reliability is a major factor in the eave’ of CATV 
Systems. 


In spite of its proportionally low cost, the RF integrated 
circuit figures prominently in the overall reliability pic- 


ture. This complex. and. important function is located at 


strategic points in the system. 


Fortunately, modern design and manufacturing tech- 
nology, which draws extensively from resources gener- 
ated by military and space activities, assures a degree of 
reliability which is compatible with the most stringent 
requirements. 


Transistor chips are the most vital elements of the RF 
integrated circuit. Low noise and distortion require 
state-of-the-art transistor structures. Gold metallization, 
thermal equilibrium by means of diffused balancing 
resistors, as well as automated process control have 
resulted in transistor lifetimes of over 100 years. — 


One of the inherent reliability advantages of IC’s is the 
reduced number of interconnects. The full benefit of this 
characteristic is achieved through the use of gold con- 
duction paths in conjunction with gold wire. bonding. 
Perhaps the single most dangerous enemy of high re- 
liability is excessive heat. Careful, computer-aided circuit 
design coupled with thermally sound, stress-free 
mechanical construction guarantee structural integrity 
and safe operating temperatures under all practical 
conditions. Infrared scanning helps verify the achieve- 
ment of design goals. 


Abuse or abnormal stresses may counteract the best of 
reliability.. In. order to avoid problems, the user must 
control the electrical, thermal, and mechanical environ- 
ment surrounding the RF IC. Much progress in this 
respect has been made by the equipment industry. 


INTRODUCTION 


Reliability considerations are becoming_ increasingly 
important in the operation of CATV Systems, requiring an 
‘absorption of military and aerospace reliability tech- 
nology into the CATV business. Market surveys show a 
large number of MSO’s and’ consultants consider re- 
liability aS amajor item in equipment selection. 


.A definition of major reliability terms is important’ signa 
with an introduction to microcircuit eelap ity tools eo 
hardware and software). — 


An overview discussion of Pavaiee of Construction 
involved with the die and interconnects must be pre- 
sented. 


DEFINITIONS | 

R = Reliability 

Reliability is related to the probability that an item will 
perform a defined task satisfactorily for a specified 


length of time, when used for the purpose intended, and 
under conditions for which it was designed to operate. 


CIRCUITS 


Failure 


Failure is a detected cessation of ability to perform a 
specified function within previously established limits in 
the area of interest. 


(a) Dead on arrival 

(b) Infant mortalities = 
(c) Lifetime failure rates (random) 
(d) End of life (wearout) 


MTBF (Mean Time Between Failures) 


The total measured operating time of a population of 
equipment, divided by the total number of failures within 
the population during the measured period of time. 


Average Life 


The mean value for a normal distribution of lives, and 
generally, it applies to failures resulting from wearout. 


BASIC RELIABILITY EQUATION 


R= a t/m = et 
Where: R. = Reliability or probability of success 
t = Mission time in hours 
m = MTBFinhours = outs 
= : 1 failures 
A= = eo) US 
Failure rate MTBE 


hours 


SYSTEM RELIABILITY 


1. When components are in series, failure of any one of 
the components will result in failure of the system. 


R, ».4 R, ».4 R; x---Ry 
At +A, +A; +---Ay 


Then: Rsysrem 


Asystem = 

2. When the same components are in parallel (redun- 
dancy) neglecting, for simplicity, the decision-making 
device, the switchover function and- the fail safe 
requirements: 


Rsystrem = Ri ae Ae -(R, R3) 


RELIABILITY CURVE 


The following curve represents the typical condition of 
operational reliability. 
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Infant Mortality Plus 
Random Failures 


l= 
’ Failure 
’ Rate 


a 


_ Failure . Optimum Shipping F Point 


oe aCSTION ALGORITHM 


The military has put considerable money and time into 
the study of reliability. One very useful military document 
is Military Handbook 2178, Reliability Prediction of 
Electronic Equipment. This handbook shows how to 
develop failure rate predictions by the use of mathe- 
matical models based on years of data collection by 
military agencies. A discussion of the interaction of 
components in the model is very useful in gaining an 
understanding of the overall subject. 


PART FAILURE RATE MODEL A, 


A, = A, (ny X Ne X Ng X Tr XTi) 


Where: A, = Part failures i in failures re hrs. 

A, = Base failure rate _ 

tr = Temperature adjustment factor 

1 = Environmental adjustment factor 

Tt = Adjustment factor based on quality , 

t; = Adjustment factor for circuit function — 
= 0.8 for digital hybrids 
= . 1.0 for linear hybrids 
= 1.1 for combination hybrids 

ly = 


Adjustment factor for maturity of product 


BASE FAILURE RATE MODEL, 


A, = As + AsAe + EArrNer (Substrate contribution) 
+. ZAncNpc (Attached components consipulens) 
+ Apptpe (Package contributions) 


Where: A, = Base failure rate-in failures/ 10° hr. 
As = Failure rate due to the substrate 
. and film processing 
Failure rate contributions due to 
network complexity and substrate 
area which includes: 
-_ (a) Number of lead terminations 
(b) Number of film resistors. 
_ (c) Number of discrete chip © 
devices ~~. 
(d) Type of film (thin versus thick) 


A.A. 


DArrNaer = The sum of the failure rates for 
eS each resistor as a function of the 
- required resistance tolerance 
ZAncNpc = The sum of the attached device 
me failure rates for semiconductors : 
and capacitors : 
Aprttpe = The hybrid package failure adjusted 
~ to include material and style 


~ Random Failures Only 


| ue Wedroilt Plus 
_ Random Failures 
t 
a 


: Wearout . 
Period 


ee ie re 


~ Point of 
Average Life. 


PHYSICS OF CONSTRUCTION 
Following the enumeration and identification of symbols 
used in reliability algorithms, a discussion of the major 
microelectronic components with respect to their re- 
liability contributions i isin order: 


TRANSISTORS 


The transistor die is the heart of the hybrid amplifier: With 
four to eight devices per circuit, the transistor determines 
performance and is most critical to proper circuit Oper- 
ation. 


During the last few years users have witnessed major 
advances in the performance of linear broadband tran- 
sistors. Often, efforts to improve one characteristic have 
adverse effects on other desirable features. For instance, 
distortion. may be bettered by > thinning the epitaxial 
collector region. This, however, leads to sensitivity to 
voltage transients and other abnormal operating con- 
ditions. Therefore, devices with outstanding performance 
in one area are prone to weakness in others. Computer- 
aided device design coupled with volume production and 


tight process controls have resulted in transistors in — 


which all essential igatures are in proper balance. . 


High. fr is generally racogued as an important factor in 
achieving wide bandwidth and uniform distortion char- 


acteristics. Gigahertz transistors, which are now being 


used, have very. delicate patterns, involving micron. and 
submicron tolerances. They also occupy sizable areas 
on the silicon wafer, since watt-sized powers have to be 
handled. It is only realistic to expect that all parts of the 
overall transistor structure are not perfectly alike, but 
rather resemble the parallel configuration of many, 
slightly differing, small devices, as. shown in the figure. 


Ballast Resistors 
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It is also apparent that the entire transistor geometry 
cannot be tightly thermally coupled within itself, therefore 
giving rise to the possibility of small sub-areas of the 
transistor assuming different values of temperature than 
others. This possible problem can be effectively com- 
batted by adding emitter balancing resistors to the 
device. Ideally each emitter-site or finger should have its 
own resistor. This goal is easily realized in interdigitated 
structures. Film or diffused monolithic resistors may be 
used. From a process and reliability point of view, dif- 
fused resistors are preferred because they avoid the 
silicon-oxide barrier which has a yey high thermal 
resistance. 


Diffused Ballasting System 
(Only one emitter contact shown) 


Bonding Pad 


Diffused 
Resistor 


_ Emitter. 
Feed Bar 


' Emitter Feeder 
Bar © 


ro Exposed 
~~ Barrier 


Oxide Layer 


METAL MIGRATION 


Some time ago a serious failure mechanism, associated 
with GHz transistors, was discovered. The metallization 
stripes of such devices, as mentioned earlier, are only a 
few microns wide. The metal thickness is, because of 
fabrication limitations, of similar dimensions. Conse- 
quently, the current density in these stripes is quite high, 
often reading hundreds of thousands of amperes per cn?’ 
of cross-section. Under these circumstances, metal 
migration may occur. With such large numbers of elec- 
trons flowing in such crowded space, the probability of 
collisions with thermally activated metal ions is great. The 


ions are propelled in the direction. of electron current 
flow causing, in the long run, the metal to move, forming 
hillocks, whiskers and voids. The lifetime of a transistor 
is. a function of three things: the current density, the 
temperature, and the type and Consistency of metal- 
lization. 


Not much leeway exists in reducing the current density 
(unless f; is sacrificed). Changing from aluminum to gold 
extends the life at least by an order of magnitude. At high 
temperatures the difference is even more pronounced. 
At 150°C, the time to metal failure for gold metallization 
microwave transistors is in excess of 10° hours = 114 
years. While this number is quite comforting, one is not 
at liberty to treat the subject of transistor chip heat- 
sinking too lightly. A proven method for removing heat 
while at the same time. obtaining a solid mechanical 
mount, has been to employ a heatspreader between the 
silicon chip and the IC substrate. Automatic mounting 
stations are used to eutectic collet mount the chip to 
indexed leadframes. Tight control of pressure and scrub 
sequence result in defect free attachment. Although one 
may employ other methods of heatsinking, e.g. beryllium 
oxide substrates for part of the circuit; the added 
mechanical complexity and the reduced freedom of 
optimal circuit layout presently outweight the minor 


‘advantages resulting from a reduction: in transistor 


temperature. ; 

| INTERCONNECTS 

One of the most important parts of hybrid circuits is the 
interconnect system. The ability to reduce the number, 
control the quality, and test them by screening complete 
functions, is one of the major advantages of hybrid 
circuits over more conventional approaches. Constant 


improvement in the mechanical and metallurgical aye 
tems have drastically improved reliability. 


An analysis of the schematic on the standard 33dB 
Hybrid Amplifier will illustrate the point: 


Comparing hybrid versus discrete techniques, one can 
show the following: 


1. For each transistor used, a minimum of three 
- - interconnects corresponding to the solder joints at 
‘the PC board are eliminated. 
. For each capacitor used, a. minimum of two inter- 
connects are eliminated. 
. For each film resistor used, a minimum of four 
interconnects are eliminated corresponding to the 
connection to the resistor body and the connec- 
tion to the PC board. | 
. Transformer interconnects will be the same for 
hybrid or discrete. 


The increase in interconnects in building 33dB of gain 
in discrete form over the same circuit in hybrid form is: 


Add due to transistors = 24 
Add due to chip capacitors = 12 
Add due to resistors = 100 
Add due to transformers = O 
Less due tohybridjumpers = -4 
Less due to active pins = -5 


127 Additional inter- 
connects per 
33dB function 


MIL Handbook 217B also discusses the reduction in 
reliability of printed circuit boards as a direct multiple of 
the holes required. Eighty-one additional holes are in- 
volved in making one discrete amplifier. 
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33dB Gain Block 


Fe 


Ci Pie hy Bb 


Rio 


F. 


Having the interconnects made early in the manufactur- 
ing sequence, before the subsequent series of tests and 
inspections, has beneficial influence on.end equipment 
reliability. 


The complete functional system feuding interconnects 
is tested, screened and Q.C. sampled many times before 
it even meets up with the PC board in the manufacturers 
subsystem. 


Interconnects 
| Die 
Heatspreader 


Solder | Jumper Bond Die Bond Capacitor 


COMPONENT MOUNT 


The transistor heatspreaders, chip capacitors and pin 
‘connections are soldered to the metallization pattern on 
the substrate surface. This process is. completed ina 
tightly controlled sores reflow furnace. 


Due to the fact that thi units are “processadin an inert 
atmosphere and thoroughly cleaned and inspected early 
in the poser on process, ween povens are 
greatly reduced. 


BONDS 
Wire bonding was a major reliability issue for years. 


Fe 


iC, 


Fe 


Aluminum has been one of the most widely used. bonding 
systems in the hybrid industry for many years. The main 
reason for this is that ultrasonic aluminum systems bond 
at room temperature and, hence, do not interfere with 
other hybrid assembly processes. 


Gold thermal compression ball bonding has been a 
reliable standard process in the semiconductor industry 
for years. However, the requirement for 300°C bonding 
temperatures have kept this technique out of most 
hybrids. The recent changeover to all gold hybrids 
prompted the development of a compatible low temper- 
ature gold wire bonding system which by far out- a 
aluminum. 


Advantages of Alenia Bonds 


Low temperature process 
Compatible with Al die metal 
Low cost 

High speed 

Easy to loop (stiff) 


Disadvantages of Aluminum Bonds 


Degrades with time/temperature . 
Kirkendall voiding. 

Intermetallic formation with gold 
Brittle and subject to cracks 
Difficult to screen 

Difficult to control 


Advantages of Gold Bonding . 


Compatible with gold die and substrate. 
Strength stable with time /temperature 
Malleable — not subject to cracking 
Easier to control process 


Disadvantages of Gold Bonding 


More expensive 
More deformation at bond foot. 
Hard to form loops 
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Histogram of Gold Versus Aluminum 
Bond Strengths 


Aluminum 


Strength (Gram) 


Strength Versus Time on Gold Versus 
Aluminum Wire 


T = 150°C 


Strength 


Time 


RELIABILITY ADJUSTMENT FACTORS 


Following is a discussion of the | ‘Tt. adjustment factors” 
in MIL Handbook 217B. These relate to the external 
influences on hybrid eine Step, 


TEMPERATURE ADJUSTMENT FACTOR Ter 


Operating temperature is one of the most important 
factors in reliability. As can be seen by the curve shown, 
great reliability improvements can be eplaine: By lower- 
ing the case temperature. 


Failure Rate Multiplier Due to pomperetis 


T Case MIL Hdbk 217B © 


This curve shows that a hybrid circuit, operating at a 


- case temperature of 100°C, has four times the failure 


rate as the same circuit run at 50°C. 


ENVIRONMENTAL ADJUSTMENT FACTOR n, 


This adjustment factor is based on the service environ- 
mental conditions that the part will be exposed to pr gunng 
operation. ; 


mz, Environmental Factor Based on’ Environmental 
Service Conditions 


Environment 


Ground, Benign 


Space Flight 

Ground Fixed 
Airborne, Inhabited 
Naval, Sheltered 
Ground, Mobile 
Naval, Unsheltered 
Airborne, Uninhabited » 
Missile, Launch. 


MATURITY ADJUSTMENT FACTOR n,, 


The failure rate predicted by this mechanical model can 
be expected to increase by a factor of (m1 = 10) under 
any one of the following conditions: 


(a) New device in initial production. 
(b) Where major.changes in aeslar or pieeesses have 
occurred. 
(c) Where there has. been an axtendod Mecustion’ in 
production or a change in line personnel (radical 
~ expansion). 


The factor of 10 can be expected to apply until con- 
ditions and controls have stabilized. This period can 
extend for as much as 6 months of continuous pro- 
duction. 


This maturity factor is extremely important. The industry 
has used over 400,000 CATV modules since the first 
module was shipped in 1970. Since that time we have 
constantly improved and refined the IC. Optimum re- 
liability is an evolutionary. process depending on time, 
volume, defect analysis and feedback to fine tune the 
product and eliminate defects. 


The question is where does CATV fit into this table. 
Mechanical and thermal casting designs. are extremely 
important in protecting the RF IC from the external 
environment conditions. Still, wide variations in system 
placement introduce a swing factor for environmental 
effects, which will cause nm, for CATV to fall between 1.0 
and 5.0. 


The user must strive to keep the components as nie to 
laboratory zero as possible. 


QUALITY ADJUSTMENT FACTOR To . 


This is the adjustment factor based on the quality grade 
of the product. This factor modifies the reliability levels 
by the different quality levels specified in MIL STD 883, 
Test. Methods and. Procedures for Microelectronics. 
These levels take into account different screening levels, 
qualification levels and. quality conformance inspection 
eeQueenot for the epeeiiied class. 


-MOTOROLA RF DEVICE DATA 


7-212 


AN1025 


Tlg 
MIL STD 883 Class A 0.5 
MIL STD 883 Class B 1.0 
Vendor Equivalent Class B 5.0. 
MIL STD 883 Class C: ~ 30.0 ° 
Commercial with Screening 50.0 
Commercial (No Screening) 75.0 


A study of the MIL STD 883 Quality Requirements allow 


a very important discussion of cost versus reliability. As 
could be expected the test, manpower, equipment, time 


and paperwork go up rapidly as the MIL STD Grade is. 


increased. A relative plot of this rerlonenp is shown 


__, below: 
Cost Versus eenaouty 
ees Reliability ] 
. Optimum Screening 
Increasing 
Costs 


Upper Grade Jf 


Average Grade 


Lower Grade 


Many of the MIL Standard Military requirements seem 
unimportant in influencing CATV reliability. However, the 
- cost versus reliability curve is real and the equipment 
supplier can make choices as to the type of reliability he 
is willing to pay for. 


EQUIPMENT 


It takes a massive capital investment in order to meet the 
manufacturing requirements for the CATV industry. The 
volume, quality and performance standards required 
have caused us to constantly reinvest for the future. 
Many of the invested dollars are for equipments for 
which the return on investment is subjective. 


SCANNING ELECTRON MICROSCOPE 


This instrument allows very high magnification of surface 
conditions not available with optical methods. Magni- 
fications up to 100,000 times are possible with the SEM. 


DISPERSIVE X-RAY ANALYSIS 


This capability, which is a feature of the SEM, allows us 
to make a microprobe to determine the chemical com- 
position of a sample. This is accomplished by detection 
of secondary emission. x-rays which possess char- 
acteristic energies. The relative quantity and location of 
elements may then be displayed on the CRT. 


VARIABLE FREQUENCY VIBRATION 


This is a destructive test which is performed for the 
purpose of determining the effect on component parts 
of vibration in the specified frequency range. 


X-RAY 


This is a very valuable’ tool for detecting voids in solder 
or eutectic bonds. 


INFRARED MICROSCOPY — 


The ability to examine a circuit thermally under oper- 
ating conditions is absolutely necessary when. designing 
a new product or testing a new process. The infrared 
microscanner is used for evaluation of new products. 
from the standpoint of thermal resistance and operating 
temperature. Resolution of O. 0005 inch can be achieved. 


CONCLUSIONS 


. e Many reliability tools are available today both in equip- — 


ments for evaluation of reliability and in analytical tools. 
such as. MIL Handbook 217B for . presicions of 
reliability. 


® Hybrid circuits offer massive reliability leverage due to: 


(a) Reduction of Interconnects —_. 

(b) Ability to control quality by screening 

(c) Large volume of complex standard. functions: are 
easier to control 


© Case temperature | is very important for reliability 


e A monometallic system, i.e., gold die metallization and 
gold wire pee are optimum for reliability. - 


° Reliability can be improved by adding quality cost to the 


module process. This increased. cost may easily be 
returned due to the lower failure rate. 
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EXTENDING THE RANGE OF AN INTERMODULATION 


More often than not, a system's intermodulation 
distortion is characterized by its third-order in- 
tercept value, the most widely accepted figure of 
merit for indicating the linearity of a system. 
Even though IMD is extremely difficult to 
measure accurately and with repeatability when 
low signal levels are introduced into the device — 
under test, precise measurements can be made 
at levels as low as 100 decibels below the 
desired carrier (input-signal) point. The secret is 
to add a tunable bandpass filter to the measuring 
system and to reduce the nonlinearities inherent 
in the test system, thus making it possible to 
determine third-order intercept values of up to 
+50dBm, which is more than 20dB above that 
of most measuring systems now in use. 


Third-order intermodulation products are 
generated as shown in part (a) of the figure. 
Consider two signals, f1 and 2, that are applied 
to the input of a device that has a non-linear 
transfer function. If the output power is equally 


distributed at both frequencies and the frequen- 


cies are close together, equal power-distortion 
products will occur at 2f1-f2 and 2f2-f1. 


The magnitude of these unwanted products, 
expressed in decibels below the output Po, is 
defined as the system IMD. The third-order inter- 
cept may then be found by its defining equation: 


|= P(dBm) + IMD(dB)/2 (1) 


where IMD is the third-order nrediig pote by. 


the | intercept value, measured in decibels. 


-An {MD setup having. wide dynamic range is 
shown in (b). In this case, measurements are per- 
formed at 30 to 500. MHz, although the © 
guidelines set forth here will allow accurate 
measurements at any frequency. 


The first step in measuring IMD and thus secur- 
ing the third-order intercept of a device is fre- 
quently the most difficult to attain — that of 
combining two input tones: to the device under 
test without introducing distortion or spurious 


responses. For fixed-input-frequency setups, filters 


can be employed to eliminate harmonics 
generated by f1 and f2. If the input frequencies’ 


are variable, cavity oscillators should be used in- 


stead of sweep generators, because the latter's 
harmonic content is too high. 


DISTORTION TEST 


The best method for combining the two signals 


linearly is to use a resistive power combiner as 


shown, so that the composite. signal generated 
will be virtually clean (no nonlinearities). To 
reduce third-harmonic distortion between the f1 
and f2 generators, 10-dB attenuator pads should 
be used between the cavity oscillators and the 
power combiner. Using both the pads and the 
combiner guarantees a broadband input source 
with constant characteristic impedance facing the 
device under test. As the requirement for a 
broadband resistive source of constant impedance 
also applies to the load for the test device, it is 
wise to use a 10-dB attenuator here, as well. 


The system’s measuring range is improved by 
placing a five-pole bandpass filter in the 
postamplifier chain. Having a bandwidth of less 
than Ad, this filter rejects unwanted signals f1, 
f2, thus eliminating strong but unwanted signal 
responses that tend to limit the dynamic range 


- of (that is, desensitize) the test system. 


For those not familiar with the procedure, IMD 


and third-order intercept are found as follows: 


A f2 
_ INPUT SIGNAL 


HP11549A OR 
EQUIVALENT 


HP3200B OR 
EQUIVALENT 


CAVITY ~ 
OSCILLATOR 
WAVETEK 2001 
OR EQUIVALENT 


: SIGNAL a | 
GENERATOR | pan yp 


*MINIMIZE CABLE LENGTH 


| 

! 

| 

I 

| ; 
| 

| REFERENCE SIGNAL 
I ; 

| 

I 

| 

j 

i 

I 


DEVICE UNDER TEST 


e Set channel spacing to the desired Af (6 
megahertz for the system shown in the figure). 


© Set reference signal f3 to 2f1-f2. 


e Using a power meter, set PO to the desired 
output power level for each of the three sources 
independently. Connect only one source at a 


- time. 


e With f3 connected, tune the bandpass filter to 
f3. With the variable attenuation at 30 to 50 
dB, set a reference level on the spectrum 


- analyzer. Make sure the postamplifier is not in 


compression by inserting 30 to 50 dB of addi- 
tional attenuation. One should then observe 30 
to 50 dB of signal reduction on the spectrum 
analyzer. 


© Apply fi and f2. Decrease attenuation in the 
variable attenuator to bring the signal within 
range of the analyzer. Add the change in at- 
tenuation to the value of suppression as read on 
the analyzer to obtain IMD. 


© Adjust f3 and filter to 2f2-f1 and repeat all 
steps. IMD should be within 3 dB of the first 
measurement. 


e Calculate the third: aitek intarcant from Eq. 1. 


~ PoldBm) 


2fi-f2 fh f2 2 fa-fr 
QUTPUT SIGNAL 


— TELONIC MODEL 

[roves crn ] TTF 230-3-5XX1 - 
OR EQUIVALENT 

TUNABLE 

BANDPASS 

FILTER 


TRW CA2820 OR : 3 
m EQUIVALENT TEXSCAN RA-71 * 


OR EQUIVALENT 


POST VARIABLE 


SPECTRUM 
ATTENUATOR. : 
AMPLIFIER 0-70dB | ANALYZER 


HP8554B OR 
EQUIVALENT 


Wide range. Intermodulation distortion is created if two input frequencies pass through a nonlinear device (a). System measures IMD over wider range than standard setups by using cavity 
oscillators to reduce harmonic generation, tunable bandpass filter for rejection of IM components not measured against f1, or f2 (2f2-f1 or 2f1-f2, respectively), and power-splitter for linear 
combiner of f1 and fz. Pads (GdB and 10dB) offer isolation between system elements. With setup, measurements of IMD can be made at levels 100dB below carrier. 
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RELIABILITY/PERFORMANCE ASPECTS OF CATV 
AMPLIFIER DESIGN 


By | 
Michael D. McCombs 


ABSTRACT | 


The reliability advantages to be offered by the RF Age d 
~amplifier as used in.CATV applications are discussed. 


The active part of the hybrid amplifier is the transistor. — 


Metallization, -ballasting and ruggedness are reliability 
related factors that must be considered by the device 
engineer when designing a high performance CATV tran- 
sistor. Vertical and horizontal. geometry and device 
distortion mechanisms are performance related factors 
that must also be taken into account. The interrelation 
between these factors is examined. Life test data is then 
presented to illustrate the aavetiagee to be Belge’ by 
careful device aor 


|. INTRODUCTION: 


The cable television system operator buys equipment 
which he knows has demonstrated a certain minimum 
level of performance, or in other words, equipment that 
meets his. specifications. If he questions this perform- 
ance he can run various electrical tests to check it. 


Another question that we would like to be able to answer 
is, how long will his equipment operate before it fails, 
costing him downtime and repair. This is the question of 
reliability and to understand this it is necessary:to under- 
stand the factors that go into designing tor reliability. 


The primary building block of a reliable CATV amplifier is 
the RF integrated circuit. This concept possesses many 

advantages over the PC board discrete design including 
a reduced number of interconnects and the ability of the 
manufacturer to effectively test the system before 
delivery to the equipment manufacturer. 


Going one step further, the basic constituent of the 
integrated circuit is the transistor itself. It is in the design: 
of this transistor that the ideals of high performance with: 
reliability can be effectively realized. 


The iuinate test is to see how Br a o_ paeraios! in 
the field without failing. The best way to simulate this is 
by means of a life test. Life test data is included as a 
means of coon eng Ne results of. a careful design. 


i. WHAT Is RELIABILITY © 


One definition could be that reliability is ‘Something ‘hat 
can cost you money if you don’t have it. The dictionary 
defines reliability as ‘‘the quality describing that which is 
dependable or honest.” To build honest transistors and 
amplifiers is. a noble concept: but one which may be 
difficult to measure. So in the everyday sense, reliability 
is a somewhat abstract idea that is difficult to describe 
quantitatively. In engineering; however, ee hasan 
exact meaning. 


“Reliability is the Sasson of a device per- 
forming its purpose adequately for the period of 
time intended under the opelatng conaitions 
encountered. eae 


When an amplifier is sectaea for a certain eval of gain, 
it may happen in practice that the gain is less than that 
called out in the specification. In certain cases this may 
be acceptable if the amplifier turns out to be very reliable. 
However, another amplifier, which supplies the. full gain 
with ease, may breakdown in operation because -its 
components are being taxed to their limits. This is where 
reliability enters the picture. It is possible to achieve full 
penlommanice and still have state- of- ine: art pele: 
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We said that reliability is the capability of equipment not 
to break down in operation. The measure of an equip- 


ment’s reliability, then, is the frequency at which failures . 


occur in time. A failure is a malfunction which causes the 
component to violate the requirement for adequate 
performance. The frequency of such failures is called the 
failure rate. The reciprocal of the failure rate is called the 
mean time between failures or MTBF. 


Failure Rate 


MTBF 


~ | 


Referring to Figure 1, it is seen that there are three basic 
types of failures; early, chance. and wearout failures? 


Early failures occur early in the life of a component and 
result usually from poor manufacturing. These can be 
eliminated by a ‘burn-in’ process. 


Wearout failures. are a symptom of component aging. 
These types of failures can be eliminated by either 
replacing at regular intervals or by designing for longer 
life than the intended life of the equipment if the com- 
ponents are inaccessible. 


Chance failures occur at random intervals and are due to 
sudden stress accumulations beyond the design 
strength of the component. Since the other failure types 
are relatively easy to eliminate, performance reliability 
should be determined ey the chance failures. 


For hance failures Sally reliability may be expressed by 
the a panentel peren ene 


R (t) eat 

where A is the failure rate and tisa given seerain time; 
t must never exceed the ‘useful life’ of the device. The 
derivation of this Cee DN Gy exnression is found in the 
Appendix. 


System: failures are caused by component failures. When 
components can fail only because of chance, the system 
will fail only because of chance. The design engineer is 
responsible for the reliability which is characteristic of his 
equipment. If he desires to reduce the number of chance 
failures which occur during the useful life period of his 
equipment, he must keep several key points in mind> 


Wearout 
Failures 


Chance 
Failures 


Useful Life 
Period 


Early 
Failures 


” Wearout 
’ Period 


Burn-lIn 
Period 


Failure Rate» 


m = mean wearout life Operating Life—» 


Figure 1. Component Failure Rate as a Function of Age 


. Design components to accept overstress; the 
normal operating point should be well below rated 
values, including temperature. 

. Provide good .packaging with adequate heat 

Sinking. 

. Design with as few components and interconnects 

as possible. 


Ill. HYBRID CIRCUIT RELIABILITY 


ADVANTAGES 


The hybrid circuit is the heart of the CATV amplifier. This 
assembly must perform its duty while experiencing a 
variety of electrical and environmental extremes. If the 
hybrid circuit should fail, then the cost to the system © 
operator is high. For this reason the hybrid circuit should 
be an enone reliable piece of equipment. 


There are certain qualities of a hybrid circuit which mane 
it an inherently reliable assembly. 


One subtle advantage relates to the wear out life of 
components. Replacement of a hybrid circuit. means 
replacing every amplifier component which resets the 
clock on the entire amplifier as far as mean life is con- 
cerned. Replacing a component in a discrete amplifier 
does not. All of the other discrete components continue 
to approach Mere wear out life. 


The metallization - seicm of’ the hybrid is another 
advantage: The gold metallization which is used for inter- 
connects on the hybrid circuit allows the designer to 
have the high conductivity of gold for use in tying to- 
gether the various components of the circuit, while 
having the additional reliability advantage of a mono- 
metallic gold system in wire bonding from the transistor 
to the hybrid. Even though the hybrid circuit utilizes heat 
sinking to reduce heat buildup, any bi-metallic interface 
will be susceptible to failure due to intermetallic for- 
mation. These gold-aluminum intermetallics are more 
brittle than the parent metals, and they also are sus- 
ceptible to void formation due to the faster diffusion of 
aluminum into gold compared with gold into aluminum 
(Kirkendall Effect). If a hybrid circuit is manufactured 
using die with aluminum metallization, it is certainly pre- 
ferable to use aluminum for bonding. This is because the 
gold-aluminum interface will then occur on the substrate, 
away from the heat. of the transistor. This is important 
since the formation of intermetallics, AuAl or AusAk, 
is accelerated by temperature. However, these inter- 
faces, even though they occur on the substrate, are 
nonetheless sensitive to weakening. Which intermetallic 
compound is formed depends on the amount of gold 
available in the bonding area. If the gold is thin then 
Au; Al, will be formed. If the gold is thicker then Aus; Ab 
will be formed. The end result is the same; voiding anda 
weak bond which eventually lifts. The entire process 
can be accelerated by thermal cycling whereby cracks 
are formed in the brittle intermetallics? Data presented 
later illustrates the comparison between failure rates due 
to bond lifts in aluminum and gold systems. 


Another advantage which hybrids enjoy over discrete 
designs is the reduction of the number of interconnects. 
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An interconnect is a potential failure point. Reduction of 
the number of these points will result in a more reliable 
system. A calculation of the additional interconnects 
required in a typical discrete amplifier over the hybrid 
equivalent shows an-increase of 127-interconnects in 
the discrete version? Figure 2 summarizes hybrid life 
test data. = 2° 
So it is apparent that the hybrid structure is inherently 
more reliable than a discrete assembly. But the heart of 


the amplifier, be it hybrid or discrete, is the transistor. 


Reliability Data at 95°C Case Temperature 


Me 7 MTBF With 
- Part Unit Hours ~ 90%: MTBF — Gain 
- Description ‘Accumulated Confidence -Product — 


Transistor Chip | 7,398,000 | 3 |141 Years] — | 
|CA2200 Hybrid] 984,000 221dB — Yrs 
CA2600 Hybrid] 577,000 264dB — Yrs 


Figure 2. Hybrid Circuit Life Test Data 


IV. RF TRANSISTOR DESIGN | 
_ CONSIDERATIONS 


The performance which can be obtained from the — 


_ amplifier is determined, in the end, by the transistor. Not 
only must the transistor provide performance, however, 
it must provide this performance for a reasonable length 
of time. If the transistor fails, then the hybrid fails and 
cost to the system operator is the result. 


When the transistor engineer begins to design a device 
for use in CATV amplifiers, then, he is faced with two 
main requirements. The device must offer a certain level 
of performance and it must do its job reliably. We will now 
investigate the RF transistor.and the considerations that 
go into its design.. : ae 


1. Starting Material 


Modern transistors are built using what is called the 
planar technology. This name arises from the fact that 
all areas of the transistor are found on the planar surface 
of the silicon wafer. Figure.3 illustrates a cross-section 


Emitter - 


aes Epitaxial Collector 


: Substrate 


Figure 3. Planar-Epitaxial Technology: 


of.a typical transistor structure as built using the planar 
technology.. The first job of the designer is to decide 
what starting material he wishes to use for his transistor. 
The starting material consists of a wafer of silicon, 
approximately .10 .mils thick and typically 2 inches in 
diameter. This silicon has been grown in crystal form 
while introducing a large concentration of impurities. This | 
substrate silicon, then, is very heavily ‘doped’ so that.the 
resistivity is very low. On the surface of this low re- 
sistivity silicon wafer is then grown a layer of silicon 
which is not so heavily doped so that the resistivity of 
this layer is. higher than that of the substrate. It is the — 
configuration of this ‘epitaxial layer’ that is very important 
to the performance of the device. It is this layer that will 
form the collector of the transistor. There are two 
parameters of the epi layer that can be specified by the 
engineer..One is the thickness and the other is the 
resistivity. The resistivity is. chosen from operating 
voltage considerations. The transistor is intended for a 
specific purpose and presumably the voltage at which it 
will be operating is known. If the device will be biased at. 
20 volts in an amplifier, then the collector breakdown 
voltage of the transistor, BVcso, should be higher than 
20 volts to provide a safety cushion. The phenomenon 
that occurs in a well-designed transistor. at breakdown is 
called avalanche. This occurs when a sufficiently high 
reverse voltage is placed across a p-n junction. A field is 
formed across this junction and carriers. are accelerated 
across the field. When the applied voltage equals the 
avalanche voltage a multiplication effect occurs in which 
atomic. bonds are broken and the junction breaks down. 
This is the collector breakdown voltage and it is pro- 
portional inversely to the doping level. of the collector or 
epi layer. By specifying epi material, then, the designer 
sets his voltage operating limit. == a a 


The other epi parameter of interest is the thickness of 
the layer. It has been found that epi thickness is closely 
tied in to both device reliability and performance. One 
parameter that is commonly, used to describe high- 
frequency transistors is ft. This is the gain-bandwidth 
product of the device or the frequency at which the 
common-emitter, short circuit current gain, h2:, equals 
unity. A high ft means to the circuit designer better wide 
band gain performance. The ft frequency can be related 
to the physical device in terms of the various delay times 
throughout the transistor. If the delay that a carrier sees 


Thick epi 


‘Thin epi 


10. 100% 4... 10008; 
te & : Ic(mA) . . 
- Figure 4. Imp Distortion Performance as a Function. 


-- ofEPl Thickness = | 
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in traveling through a device is less than in another 
device, then the ft for the device with the least delay is 
higher. The thickness of the epitaxial region is related 
directly to one of these delay times; namely the ‘rscCtc 
time constant in the collector. Tne rsc is the collector 
series resistance and to reduce this value for a given 
resistivity, we must reduce the epi thickness. There is 
another advantage to be gained from reducing the epi 
thickness which relates to distortion performance. Figure 
4 shows a comparison of intermodulation ‘distortion 
performance between two CATV transistors. The tran- 
sistors are identical in all respects except that one 
device was built on epi material which was 50% thicker 
than the other. It is seen that the device which was built 
on thin epi material offers better distortion performance 
at higher current levels. The reason for this performance 
gain with thin epi is the fact that the maximum current 
density available in a device increases as the epi thick- 
ness is decreased: This occurs because of debiasing of 
the collector-base depletion region by the resistive epi 
region. The thin epi device, then, acts like a larger device 
at higher currents, resulting in better distortion per- 
formance at these higher levels. 


Thin epitaxial material appears to yield very good tran- 
sistors for CATV applications. Unfortunately there is a 
negative side to the story. The fact is that as the epi 
material is made thinner and thinner to achieve good 
performance the transistor becomes more and more 
sensitive to voltage variations. With thin epi the ballasting 
effect of the collector resistor is lost and the transistor 
loses ruggedness. The designer, then, wants to choose 
an epitaxial material which is as thin as possible for 
performance yet which is thick enough to avoid complete 
depletion and provide some collector ballasting. | 


2. Vertical Geometry | 


Once the starting material is decided upon, then it must 
be insured that a process is available which will yield a 
high performance vertical geometry. The importance of 
high ft.in the CATV transistor has been discussed. 
Another time constant which can be reduced in order to 
increase ft is the delay due to carrier movement through 
the base region. The relationship for this delay is . 


We? 


ae 2.43 Debtn (NB! /Nec) 


This relationship describes the time required for carrier 
transit across the base region in terms of base width, Wb; 
diffusion co-efficient, Deb; and doping gradient, Ns’ and 
Nec. The point here is that this delay time varies directly 
as the square of the base width. A desirable goal then is 
to produce a transistor which has a narrow base width. 
_ The well understood diffusion process can be used to 

control this parameter to a point. However, as narrower 
base widths are sought, device yields go down due to 
non-uniformities which are inherent in the diffusion 
process. State-of-the-art base widths with good uni- 
formity are possible, though, by taking advantage of ion 
implant technology for the formation of the device junc- 
tions. Another advantage of implantation is that it makes 
possible steeper gradients in the emitter and base 
regions resulting in higher fields and shorter transit times 
in those areas. 


3. Horizontal Geometry 


One more item must be considered before the CATV 
transistor is ready to -be built. A mask set must be de- 
signed, or, in other words, it must be determined what th 
device will look like, physically... 


First, the basic device configuration must be decided 
upon. There are three transistor contact geometries in 
use; these are interdigitated, overlay, and mesh. The 
overlay and mesh configurations are used primarily for 
modern power transistors. High frequency devices are 
sensitive to parasitic capacitances and this favors the 
interdigitated design. _ oe 5 


Figure 5 is a representation of typical: transistor con- 
figurations. The base area is dictated by the power 


'- Base 
Contact 


Emitter - 
Contact 


Interdigitated 


Base 


| Contact 


Emitter 


Contact Overlay 


Emitter 
Contact 


Figure 5. Typical Transistor Configurations 
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handling requirements of the transistor. There must be 
enough area available to dissipate the heat which is 
generated. The amount of current to be handled by the 
device will determine what the minimum emitter per- 
iphery is. This is because at higher bias levels and 
frequencies a large transverse voltage drop occurs in the 
active base region under the emitter. This will have a 
de-biasing effect on the central portion of the emitter- 
~ base junction causing most of the current to pass at the 
emitter edges. Since it is known how much current the 
device will be required to handle, it is possible to calcu- 
late the amount of emitter periphery necessary to safely 
handle this current. The task now is to pack this amount 
of emitter periphery into the smallest base area possible, 
thereby reducing collector-base junction capacitance. 
Two examples of possible interdigitated designs having 


equal emitter peripheries are shown in Figure 6. It is seen 


Ep = 24 
, Ba = 90 
Ep/BA = .26 


“Ep = 24 
Ba = 88 
Ep/BA = .27 


Figure 6. Ep/Ba Comparison for Square vs 
Rectangular Base Configuration 


that slightly higher Ep/Ba ratios are possible with a 
design which is square compared to one with a higher 
aspect ratio. The problem with the square configuration 
is that the long emitter fingers required will result in 
considerable voltage drop along.their length. The result is 
that part of the device is not being used and hot spots 
will develop. Not only will device performance be re- 
‘duced, but it will soon fail because of overheating. The 
design with the higher aspect-ratio is desirable since the 
voltage drop problem is eliminated. Another advantage of 
this configuration is that it is: inherently better. able to 
dissipate heat since the cells are not so closely coupled 
as in-the square configuration. This design also has a 
problem, however. Although the emitter fingers are now 
short enough, the active area of the device is now quite 
long. The middle portion of the device will tend to draw 
more current which is not efficient. The solution to this 
problem is to add ballast resistors between. the emitter 
feeder arm and the emitter fingers. (See Figure 7.) The 
ballast resistors are thus in series with the emitter con- 
tact metallization. If an emitter-base junction site begins 
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Figure 7. Ballast Resistor Configurations 


pulling more than its share of current the series re- 
sistance will cause a proportionate drop in the input 
voltage for that site, thus limiting the current and pre- 
venting failure. An important point is the type of ballast 
resistor used. Two: types of resistor. are popular, thin 
film or diffused. Thin film resistors are susceptible to 
microcracking and they also are faced with a high 


_ thermal barrier since they sit on top of the silicon dioxide 


barrier. Diffused resistors are more reliable since they 
avoid the oxide barrier and are not susceptible to 
cracking. 


It is also desirable to reduce the contact spacing and 
the emitter contact widths of the transistor for two 
important reasons.’ A narrow contact spacing will allow 
more emitter periphery to be placed within a given base 
area. This is good since we have seen that gain per- 
formance depends directly on the amount of periphery 
available for current handling. A narrow emitter stripe is 
desirable since the resistance of the base region, rv’, 
varies directly as the emitter contact width and it is 
necessary to reduce the parasitic ro‘ as much as pos- 
sible for gain purposes. Incidentally, reduction of rv’ is 
good for-noise figure too. Figure 8 illustrates the impact 
of emitter width on base resistance. Py a 
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Figure 8. Effect of Emitter Stripe Width 
on Base Resistance 


The last step in the construction of the transistor is the 
deposition of metallization so that contact can be made 
to the emitter and base regions. (See Figure 9.) The type 


Collector 


Figure 9. Transistor Metallization 


of metal to be used is an important decision. The two 
metals that are low enough in conductivity that can be 
used for transistor metallization are gold and aluminum. 
_ Aluminum. metallization has been used for. years as a 
conductor for transistors. Its advantages are that it is a 
well-understood process, it offers a good silicon contact 
without any barrier metallization, and it is inexpensive. 
- However, considering the micron contact geometry of 
the RF transistor and the fact that it will be mounted on a 
gold hybrid. circuit, then the decision is considerably 
easier to make. For a CATV transistor, gold provides the 
following advantages over aluminum 4 


1. 
Ex 
3. 


Monometallic ‘wire bonding system. 
Electromigration resistance. . 

Low contact resistance with elimination of shorts 
_ due to silicon-metal alloying: 

4. Corrosion resistance. 

_ &. Oxide step coverage. © Bee, 

__- -Allows use of tighter contact geometries. 


Monometallic Wire Bonding System 


As has been described, it is desirable’to have an all-gold 
metal system for reasons of ‘reliability. A monometallic 
system eliminates the formation of gold-aluminum inter- 


metallics and the wire bond failures that result. Figure 10 
illustrates life test data that shows an increased failure 
rate due to bond failures in the aluminum-gold system. 


Life Test at 95°C Case Temperature 


Unit | Wire Bond| Wire Bond 
. - Part Description Hours ‘Failure | Failure Rate 
; : Accumulated No’s Yo 


601B, 200 Hybrids 
‘With Aluminum 

3070 Die 
2200, 2600 Hybrids | - 


With Gold 
3040 Die © 


1,162,000 


| | | 


Figure 10. Wire Bond Failure Rates in 
Aluminum/Gold Life Test 


1,188,000 


Electromigration Resistance 


It was shown earlier that it was desirable to achieve a 
high Ep/Ba ratio so as to obtain maximum performance 
from a device. This was achieved by placing the tran- 
sistor contacts as close together as possible. The use of 
such tight contact geometry forces the use of very 
narrow metal fingers. The resulting high current densities 
can lead to reliability problems as a result of electro- 
migration. Electromigration is a phenomenon which 
occurs in metal films as a function of time, temperature, 
and current density. For any given temperature, a certain 
equilibrium concentration of vacancies exists in all metal 
films. Self diffusion of metal ions throughout the film 
arise due to the metal ions being thermally activated into 
adjacent vacancies. In the absence of any external 
forces, the metal.ion diffusion will be isotropic and will 
result in no net accumulation or depletion of mass in any 
given site. In the presence of an electric field, however, 
the metal ions experience a force due to their charge, 
inducing an ionic flux toward the cathode end of the film. 
In addition, the conduction flow of electrons in the metal 
due to the electric field will cause electron scattering off 
the activated ions and impart momentum to them in- 
ducing an ionic flux toward the anodic end of the film. In 
good conductors, the momentum exchange force domi- 
nates the electrostatic force and results in a net mass 
transport toward the anodic end of the film. The result is 
an open circuit in the. metallization strip. This void for- 
mation is accelerated by high temperatures and current 
density , 


Aluminum has exhibited a‘high susceptibility to electro- 
migration for current densities above 10°° A/cm? Such a 
current density is easily realized in state-of-the-art RF 


‘devices. For a given device geometry there are only two 
alternatives to allow reduction of the current density in.a 


device. Either the operating level can be reduced or a 
metal can be selected which has a higher'mass and acti- 


vation energy. The operating level. cannot be reduced 
‘without a sacrifice in performance: We can still keep high 


performance and reduce the current density by using 


gold metallization. At 200°C, experiments conducted on 


identical transistors with gold vs. aluminum metallization 
showed an improvement in mean life time of two orders 


of magnitude using gold. 
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Contact Resistance 
Gold cannot be used as a single layer metallization 
because of its relatively low silicon eutectic temperature 


and its poor adhesion to. silicon. and silicon dioxide. A: 


barrier layer must be employed to prevent gold diffusion 


into the silicon and this barrier metal must offer good | 
adhesion to silicon, silicon dioxide, and gold. Such a 


barrier is offered by a system utilizing platinum silicide, 
titanium and tungsten. The platinum silicide forms a good 
ohmic contact with the silicon; the Ti/W provides the 
necessary diffusion barrier and offers good adhesion to 
SiO, and silicon. 


Aluminum has historically offered good ohmic contact 
without the need for barrier metals. In RF devices, how- 
ever, at current densities well below electromigration 
densities, :a problem of formation of silicon/aluminum 
alloy is ever present resulting in emitter-base shorts. Any 
hot spot formation will result in an increased alloying rate 
and early failure. 


Corrosion Resistance 


_ Under biased conditions, in a humid atmosphere, ‘gold 
has demonstrated a lifetime more than 3 times that of 
aluminum. The failure mode in aluminum is. electro- 
mechanical corrosion and gold is insensitive to this 
phenomenon. 


| Evaporated Aluminum 


Silicon 


Step Coverage | 
Gold offers tremendous improvements over alumin um in 


its ability to cover oxide steps without decrease in metal 


thickness or cracking. (See Figure 11.) Aluminum is 
deposited by means of evaporation in a vacuum where 


the mean free path of the aluminum particle is long. This 


means that equal coverage of all surfaces is impossible 
even if the target is rotated during evaporation. The 
plate-up gold system reduces. step coverage problems 
to insignificance. | 


Narrow Contact Geometries 


The RF transistor must have very: fine ‘horizontal 
geometry to achieve the performance required in a 
CATV system. With aluminum metallization these narrow 
finger widths are achieved by etching the aluminum to 


_ remove it. Such a process, if done very carefully, will at 


best result in fingers of uneven width. which are sus-: 
ceptible to high current densities and the associated 
reliability problems. The gold system is capable of pro- 
viding microwave geometries with insignificant variations 
in line widths. In fact, the geometry on present gold 
CATV devices is narrower than some low-noise micro- 
wave devices which are on the market today. © 


. Silicon 


Figure 11. Oxide Step Coverage 


APPENDIX 


- REFERENCES 


V. SUMMARY 


. The CATV system operator is interested in per- 
formance with reliability in the amplifier equipment he 
uses. 

. The basic building block of the CATV amplifier is the 
hybrid circuit: The ‘hybrid amplifier offers reliability 
advantages over discrete designs including gold 
circuit metallization and a reduced number of inter- 
connects. 


. The heart of the hybrid circuit is the RF transistor. 


. The design of a-reliable transistor for use in CATV © 


amplifiers: requires a knowledge of basic: design 
values plus the availability of state-of-the-art pioeeer: 
ing. Points to be considered include: 


starting material 

vertical geometry. 

horizontal geometry 

configuration 

metallization. : 
. Life tests show the improvements in reliability to be 
gained by careful transistor design. 


Derivation of reliability expression for chance failures? 
R(t) = eat 
If an original population of Xo items is continuously de- 


 caying so that there are X items at time t, the change of 


population in one interval dt is dX/dt. Divided by the total 
population X at t, this gives the negative rate at which the 
population changes at time t: 


_ oX/dt 2 OX 1 


then, -Adt = dX/X 


Integrating over the time period being considered, 


t 
-fadt = £nX/C = InX-f£n 
fe) és 
fort = O, X*= Xo 
ThenC = 
at 
And X/Xo = exp -fadt 


Oo 


If the rate of decay, A, is constant, then 
X/ Xo = exp -At 


Since X/Xe is probability of survival for a decaying popu-” 


lation then 
R(t) = X/Xo = ex -At 
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AN1028 
_ 39/50 WATT BROADBAND (160-240 MHz) PUSH-PULL 
TV AMPLIFIER BAND ii 


This note describes the performance of a broadband ultra linear push pull amplifier designed for service in band HI TV 
transposers and transmitters. 


Devices used : two TPV 375. 
Basic amplifier specifications : 


IMD(1)=—51dB at =P, = 35W Pain = = 10 dB 


IMD(1)=—48dB° at P,=50W- input VSWR : < 1.6 
_V = 28 volts; Total =4.4A | output VSWR: < 1.5 


ce 


(1) vision carrier — 8 dB, sound carrier — 7 dB, sideband signal — 16 dB. 


General design Consideration 

The principal aims were : | 

— employ a relatively eimiele solution. permitting us to obtain the opimal Denormanees from TWO TPV 375: 
— simplify the design and reduce the cost. : 


The main consideration was to obtain the maximum output power with the best IMD over the band. To obtain 
this requirement the output match and losses must be the best possible in all the band. 


The second consideration was to obtain the maximum gain by reducing the input matching circuit losses to a 
minimum. | . 
These factors led us to choose matching circuits using quarter-wavelength transformers at the input and output 
which permit us to : 

— reduce the load and source fapeaanbes to low. velues with low losses . 

— couple two transistors in a push pull configuration. 


Because the output and input transistor impedances are in series, due to the push-pull configuration, the required 
transformation ratio is one half of that required for.a single ended stage. 


The first approach for the circuit calculation was made from the input and output impedances given in the 
TPV375 data sheet and matched to the proper impedance levels using a Smith Chart. The element values were 
then optimized with the aid of «COMPACT» program. 


Amplifier Design 
The basic block diagram for the amplifier is shown in Figure 1 and the circuit schematic is shown in Figure 2. 


- The input and output circuits are each composed of two networks : a quarter-wavelength transformer-balun - 
and a matching network. . 


The quarter-wavelength transformer impedances have been chosen to be easily built using microstrip technology. 


Input circuit 


The input circuit is shown in Figure 3 and the input impedances are shown in Smith Chart 1. 

The low transistor input impedances are transformed into higher impedances near the real axis by Capacitors FF. — 
aS AEE DD) series elements and (CC, BB) parallel elements collapse the amplifier input impedances around 
_ Since the devices can be éensidared in series at this point the impedance is doubled to 17 Q. The quarter- 
wavelength transformer balun (AA) completes the match to 50 Q. 

The transformation ratio is 2.8: 1. 

The maximum theoritical input VSWR is 1.80 : 1 and the maximum cape mental VSWR | is 1.60: 4, 


Output circuit 


The output circuit is shown in Figure 4 and the output impedances on Smith Chart. Il. Since the output impe- 
dances are higher than the input impedances, the output. matching network | is simpler and the quarter-wavelength 
transformer ratio is lower. 

The inductors aid the matching but primarily provide for good stability at the low frequencies, and are used 
for collector bias. The output quarter-wave-length transformer ratio is 1.6: 1. 


The maximum theoretical VSWR is 1.16:1 and the maximum experimental VSWR is 1.44:1. 
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Amplifier Performances 


— IMD versus output power : Figure 5 

— Input and output return loss and VSWR = Figure 6 
— Gain versus frequency : see Figure 7 

— 1 dB gain point compression : 70 W.. 

— Bias conditions: V,. = 28V; Total =4.4A. 


Technology and layout considerations 


The epoxy-Glass 1/16 inch (c, = 4.1) is used. as board material except for the input and ouput transformers. 
The glass - Teflon 1/50 inch (e, = 2.55) is used for the transformers (see the details Figure 8). 


We have considered for a microstrip line that after W (Width) from the conductor strip edge the fields are negli- 
gible and we can size the ground conductor to be 3 W without Pee the penagenoe This kind of trans- 
former has the following characteristics : . se cet 


— We'can have any impedance values within realizable min-max limits. 
— The vertical dimensions are small and the mechanical realibility is 3 good. 
— Good repeatibility. 


The bias circuits are included with RF circuits in order to give a compact amplifier : Figures 10 and 11 show 
the layouts and the Figure 12 the physical layout of the push-pull amplifier. 


Combined pairs of push-pull Amplifiers 


— In general several push-pull amplifiers are used for the final stage of the TV transmitter amplifiers. 
_They can be combined by pair with quadrature combiners (see block diagram Figure 9). 


The advantage of using this kind of coupler is that the input and output VSWR become good as 20 dB rtn. 
loss) in comparison with the relatively high original VSWR of the push-pull amet 


General Conclusions 


— Pushpull techniques simplify the required circuitry and associated losses. 


— The problems associated with 3 dB hybrids in cascade — insertion loss and imbalance — when four devices 
in parallel are required are minimized. 


— With additional effort both the input and output VSWR could be improved to 1.2: 1. 
— Good repeatability in production without variable components being required. 
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Figure 1. Push-Pull Circuit 
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CIRCUIT DIAGRAM 


L2¢ 
L, = 8 turns, ID 6 mm 
| = 8mm, wire .6 mm 
L, = 2.5 turns, ID 6 mm 
. | = 10mm, wire 1 mm 


Vec 


Figure 2. Circuit Diagram _ 


On the smith chart the impedances are represented by : 


4 


* L is given fore, = 1 


Figure 3. Input Circuit 
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Figure 4B. Output Circuit 
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RETURN LOSS VSWR 


PUSH-PULL TPV 375 
Vc = 28V Ic =44A 


—§0 dB 


*IMD— VISION - 8dB 
— SIDE BAND — 16 dB 
—SOUND — 7¢B 


— 56 dB 


: PUSH-PULL 


Vce = 28V Naa 4A 
Fo = 225MHz © 


— 60 dB 


— 65 dB FREQUENCY (MHz) 


0 10 20 30 40W PEAK SYNC 160 130 200 220 240 MHz 


Figure 5. IMD versus Output Power Figure 6. Input and Output Return Loss versus Frequency 


PUSH-PULL TPV 375 
Mcp = 28V Ig = 444A 


160 180 200 220 240 MHz 


Figure 7. Low Level Gain versus Frequency | 
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Figure 8. 
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TPV 375 push-pull 


Quadrature i Quadrature 
combiner — combiner 


TPV 375 push-pull 


Figure 9. Combined Pair of Push-Pull Amplifiers 
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Figure 10. PC Board Layout (Not to Scale) 


input and output input strip | output strip 
ground (Zo = 30) (Zo = 40) 


50 mm 


Board material : glass teflon; 1/50 inch; ¢, = 2.55 
Figure 11. PC Board Layout for Input and Output Quater-Wavelength Transformer (Not to Scale) 
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Figure 12. 160-240 MHz Amplifier 
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- On the smith chart the impedances are represented by : 
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Figure 13. Output Circuit 
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TV TRANSPOSERS BAND IV AND V Po = 0.5 W/1.0 W 


This note describes the serounence of a broadband (470. 860 mee ultra linear amplifier designed for ser- 
vice in band IV and VT V Mens pores: . 
_ Device used : 


TPV 596. 
Basic specs : 
1.M.D. — 60 dB. max. at Po = 0.5 watts 


Vce = 20 volts; Ic = 200 mA 
Pgain = 11.5 dB min. 


The approach used is intended to ae. straight dorward and inexpensive as ‘llewss 
1) The load line: be defined’ to provide the correct match for peak power AF sync). 
2) The VSWR at ‘the collector be less than 2:1. a 

3) The input. match be designed to provide flat-gain with decreasing frequency. 

4) Use computer aided design. | 

5) Usea three tone norm 


Pvision | om 8 dB- 
Psound = -7 dB. 
Psideband = — 16 dB 


6) Circuit realization to be a distributed design built upon teflon glass copper clad. circuit boards. ‘However 
the design will be analized using Er = 1.0. 


The input and output impedances were taken from the TPV596 data sheet and plotted on a smith chart. First consider 
the input. To have flat gain with an optimum collector load, the basic physics of a class «A» biased device defines 
a gain slope of —6 dB/octave which must be compensated for. The band of interest is 470- 860 MHz which is .915 
octaves which implies that 5.25 dB of gain must be compensated for if the device is perfectly matched at 860 MHz. 
This means that a transmission less of 5.25 dB or a VSWR for 11.0:1 must be employed at 470 MHz. The input Z is 
converted to Y on Smith Chart (I). The point at 860 MHz will intersect the constant conductance line equal to 1.0 
(20 mV) if it is rotated 0.14 A using a 20 mU (50 Q) transmission line. After this rotation a capacitive stub or chip 
capacitor is used to resonate the susceptance at 860 MHz; A capacitive stub or a chip capacitor equal to 16.7 pF can 
be used, and the result is shown on Smith chart (I). It is interesting to note that the VSWR vs frequency can be 
adjusted for gain flatness by selecting an optimum Zo for the capacitive stub. It is also obvious that the locus of 
impedances at the circuit input can vary between the locus of points defined by using a chip capacitor, and the 
imaginary axis by using a stub with Zp = ~. Graph (Il) is a plot of these results. Because infinite isolation doesn’t 
exist between the output and input of any transistor, and because the required network is very simple, the input 
circuit will be optimized empirically. A computed aided circuit will be defined for the output only. It is also indicated 
that a combination chip capacitor and stub may provide the best results. 


The output circuit considerations were first determined using a Smith Chart sporoaeh tt must be clearly understood 
that computer optimization is only as good as the circuit configuration and associated computer instructions. 


The approach follows | 
_ Smith Chart (ll) 


1) The device output impedances are first converted to admittances and plotted as the conjugate (Y load). 


2) In order to allow easy collector lead soldering a Zo = 50 22, 3 mm long transmission line is used. Since 
the Smith chart is normalized to 20 mO (50 02) we can rotate toward the load directly as the chart is confi- 
gured. 


3) Since the balance of the circuit used Yo = 10 m@ (100 2) we next normalize the chart to 10 mo. 100 Q 
transmission line was chosen as a good compromise between physical length requirements and ease of 
tealization on Teflon Glass. 


, The next element, a shorted shunt transmission line less than r/4 in length reduces the imaginary part 
by moving each point of admittance along a line of constant conductance. The length was chosen to locate 
the lowest frequency point (400 MHz) near the real axis so that the locus of points would be more equally 
distributed about a 2.0: 1 VSWR circle. 


5) The resultant locus of points are then rotated with a 10 m7 (100 Q) transmission line to a degree which 
locates the admittance point of 860 MHz near the line of constant conductance equal to 2.0 on Smith 
Chart (II). This conductance is exactly equal to 20 m@ since the chart is normalized to 10 m@. 


= 
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6) The final step is to use a parallel resonant circuit which will reduce the imaginary pacts at both the upper 


and lower frequencies. 
The following approach was used to calculate the element values for the antiresonant circuit. 


By observation of the smith chart it was decided to piace the 460 and 860 MHz points on or just inside 
the 2.0: 1 VSWR circle. 


It then follows that . 
at f, = 460 MHz | ‘we 
at ie = 860 MHz W,C = = 1,7 
| WL 
The 2 equations with 2 unknows are solved with the following 1 result. 
L = 0,189 nHy | | 
C= oe 11 pFd 


since we are normalized to 10 mG : 
raetual = 0. 189/, 01 nH = 18. 9 ae 


Cactual = 496.11: x 0.1 pF = 4.96 pFd 


7) The result is normalized to 20 m0 with the final result shown, 


Empirical Value 


Graph (11!) shows the various VSWR calculated ‘compared to the theoretical best curve and the actual VSWR 


measured. | | 
Graph (IV) shows the collector load VSWR for the calculated, epamized: and actual result. 

Graph (V) is a plot of the single ended amplifier results taken with a network analyzer. No component losses were 
considered for the theoretical and optimized analysis. The final circuit was also optimized empirically from 
470-860 MHz using a network analyzer. 

The following results are a:summary of performance, bias conditions circuit configuration and recommended 


hybrid adaptation. 
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Figure 1. Smith Chart (1) 
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Figure 3. Graph Ill — VSWR versus Frequency 
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Figure 4. Graph IV — VSWR versus Frequency 
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Figure 5. Graph V — TPV596 Amplifier Performance versus Frequency 
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' Class A. 7 
VcE = 20V — ie = 220 mA 
fo = 860 MHz — WAVELENGTH (Ag) at 860 MHz 
(material: Glass.teflon ey = 2.55 — 1/16"); 
Transistor — TPV596 


Figure 6. Circuit Diagram for 470-860 MHz Amplifier 
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Figure 7. Class A Bias Circuit 
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Ras 596 BnQoeene AMPLIFIER 


FREQUENCY RANGE : 470 MHz- -860 MHz 


POWER OUTPUT AT : — 60 dB IMD* >05W 
‘POWER GAIN 3: 11.5 € G < 12.70B - 


INPUT RETURN LOSS* : < —1 dB_ 

OUTPUT RETURN LOSS : <'— 11 dB | 
_ VOLTAGE SUPPLY : ~ 23 V (Voz = 20 V) 
TOTAL CURRENT. : 220 mA | 


"IMD: Vision: — 8 dB: Sound carried — 2 dB; ; Side band : — Le: dB 
RECOMMENDED. CONFIGURATION 


"INPUT RETURN LOSS : This amplifier must be used by two connected together with two 3 dB quadra- 
ture hybrids to have a balance amplifier with a good input VSWR. oes 


50 0). 


3 dB 


"Hybrid 


> OUT 


"3. dB - 90° Hybrid coupler from 
_— ANAREN 10 264-3 
— SAGE wireline 3 dB Hybrid 4450 900° 


IMD VS OUTPUT FOR A SINGLE STAGE 
vce = 20 NV: 220 mA 


F = 860 MHz; Vision = — 8 dB; Sound Carrier = — 7 dB; Sideband =—16dB 


Pout (W) 0.25W | 0.5 W oO TW 
IMD (dB) — 67 dB — 61 dB — 55 dB 


F = 860 MHz; IMD DIN 45004/B 


RL = 75 ohms | 
1.5 V/75 ohms IMD = — 66 dB 
2V/75 ohms _ IMD = — 60 .dB 
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1 W/2 W BROADBAND TV AMPLIFIER BAND IV AND V 


This note describes the performance of a broadband (470- 860 MHz) ultra linear i designed for service 
in band IV and V TV transposers. ; ; ; 


Device used : TPV 597 


Basic specifications 


IMD (1)=—60dB at Po=1W 
V 20V; 1, = 440 mA 
Pak 11.5 dB. 


(1) Vision carrier — 8 dB, sound carrier — 7 dB, sideband alia — 16 dB. 


ce 


Nil 


General design considerations - 


In general to obtain a flat gain for broadband amplifiers which use iransistors with about — 6 dB power gain 

variation per octave we can use two techniques : 

— feedback technique (eg emitter resistor and a negative feedback with a selective circuit between the collector 
and the base), 

— or reflect the input or the output. power selectivly to have an insertion loss of 6 dB per octave with 0 dB 


for the highest frequency. 
(There is also another technique which uses a selective attenuator). 


With the feedback technique. we can have a good input and output match. With the second technique 
we need to reflect the input power and have a good output match in order to obtain a good IMD. It means 
the input VSWR is very high for the low frequencies. 


The second solution is simpler than the first and if we use two Saiplitiers connected together with 3 dB quadra- 
ture hybrids to have a balanced amplifier this inconvenience disappears. We have chosen for this amplifier this 
second solution. For the larger broadband amplifier (eg 170-860 MHz) this solunon must be rejected and 
the only acceptable solution is to use the feedback technique. 


Amplifier design 
The first approach fcr the circuit calculation was made by using the Smith Chart from the. input and output 


impedances given in the TPV 597 data sheet to have, at the input, a reflected power so that the gain will be flat 
and at the output to obtain the best match possible. 


INPUT VSWR VERSUS FREQUENCY TO Obras A FLAT GAIN : 
The power gain can be approximated by : ee ee i; 
Fnak a , 
GY. | 
F . 


Fax IS the frequency for which power gain drops to unity. 


The transmission loss due to the input reflection is : 


a=1-|o|? 
To have Gx constant we must have: 


E x . | AF ae 7 
ca = ( yc —1er1= 6, =( ) 
| Fu 


G,, is the gain at the highest frequency used (Fj) 


: F 24 1/2 
or tol = |; -(-} | 
3 F 
| H FE 


e is the reflection coefficient. 
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_ Figure 1 shows the theoretical VSWR versus frequency with an insertion loss of 0 dB (implies p = 0) for 860 MHz. 
We have defined the input circuit from the TPV597 input impedance to have an input VSWR as close as possible 
to this curve, and have assumed that output circuit losses versus frequency is negligible. 


After we have calculated separately the input and the output circuits, we optimized some of the parameters by 
means of the global amplifier and the TPV597 S-parameters, with the COMPACT Program. 

— RF equivalent circuit : Figure 2 _ —8 - 

— Program : Figure gO ee 

— Calculated gain and empirical gain: Figure 4 

— Calculated and empirical input VSWR : Figure 5 

— Calculated and’ empirical output VSWR : Figure 6 


Amplifier Performance | 

— IMD versus output power: Figure 7A 

— IMD versus frequency: Figure 7B 

— Input return loss and VSWR : Figure 5 

—. Output return loss and VSWR : Figure 6 

-— Gain versus frequency : Figure 4 - 

— Bias conditions: V,, = 20V; 1, =440mA 


Technology and layout considerations 


— The glass Teflon 1/16 inch (e, = 2.55) is used as board material. This substrate is soldered to the heatsink to 
have a good contact and repeatable results. 


Figure 8 shows the circuit diagram and the bias circuit; Figure 9 shows the PC board layout. 
Combined - Transistor Stage | | 


In many instance the power output requirements of transposers exceed the capability of a single transistor, 

_ which forces the designer to use combinations of transistors. They can be combined by pair with quadrature 
combiners (See figure 10). Since quadrature combiners have the ability to channel the reflected power from 
the amplifier into the fourth port of the combiner it means the input and output VSWR become very low 
(VSWR < 1.2). The power gain is reduced due to the couplers insertion loss by 0.6 dB. Coupler imbalance 
should also be taken into account as causing some IMD degradation. - 


Input VSWR_ 


o VSWR = : 
_ , ; FAY yt 
4 -| -(=) ia 
| Fu = 


° O—- -0-- —® From global amplifier and S-parameters 


O-— & —D Empirical VSWR 


{o oh oi 
ee 
Y-—dyy ~ 
No. 
5 ‘SSN : 
Sy - 
Sa AN 
j “—™ ; 
4-4 | * Frequency (MHz) 
Loo | “S00 600 Foo Roo Fy 300 


. Figure 71. Input VSWR 


MOTOROLA RF DEVICE DATA 


7-239 


AN1030 


EE (TPV 5397) 


| 2 | ot | pF | 2 - L Zo Loot 
(£2) (mm) (Q) 4 (mm) (Q) (mm) 


[omer Te Tepe rete tye pe 


| Calc. value 10 
- | Empirical value Pie 


L are given for <, = 1. Figure 2. RF Equivalent Circuit — 
for Compact Program 


SST FF PA 50 —63.43 1 CIRCUIT 


TRL GG SE 110 28.44 1 DEFINITION 
TRL HH SE 45 14 1 
CAP Il SE —5.134 


SST JJ PA 75 49.98 1 
CAP KK PA — 4.129 


PRI AA SI 50 


470 500 600 700 


FREQUENCY (MHz) 


91 175 2.21 71 .034 33 .54 — 167 
93 171 1.80 63 .037 34 56 —170 
93 170 1.57 59 .039 36 .59 —168 
92.169 1.40 54 .043 38 .58 —165 
91 167 1.30 52 .045 40 .58 —166 


POLAR S PARAMETERS 


92 176 2.38 72 .033 31 55 —166 : 
| ~ FOR TWO EE (TPV 597) 


OPTIMIZATION DATA 


Figure 3. Compact Program 
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VARIABLES (—) GRADIENTS - 
(1) : 4.51899 (1) : — .894864 
(2) : 32.0136 (2):  .704452E-01 
(3) : 29.2938 (3): 2.69282 
(4) : 72.2399 (4): .287748- 
(5) : 5.16145 (5): 1.68585 
(6) : 3.53445 | (6) : — .267730 


ERR. F. = 7.809 


HOW MANY ITERATIONS BEFORE NEXT STOP?, 0 " RESULTS IN FINAL ANALYSIS. — 
WANT INTERMEDIATE PRINTS (YES = 1‘ NO = 0)? TYPE TWO NUMBERS: (I, J): 0 
SEARCH INTERRUPTED, FINAL ANALYSIS FOLLOWS : 


POLAR S-PARAMETERS IN 50.0 OHM SYSTEM 


FREQ. S11 S21 S12 $22 S21 K 
(MAGN <ANGL) (MAGN<ANGL) (MAGN<ANGL) (MAGN<ANGL) DB_ FACT. 


470.00 088 < 134 353 < 863 0.049 < 453 011 < 105 10.97 0.75 
900.00 085 < 128 346 < 684 0.053 < 304 012 < 109 10.79 0.90 
600.00 075 < 92 419 < 12.2 0.086 <— 168 0.05 < 5 12.45 0.78 
700.00 059 < 55 448 <— 39.2 0.111 <— 622 019 <—127 13.02 0.78 
800.00 0.43-< 11 4.34 < — 93.2 0.133 <—1092 0.26 < 180 12.75 0.86 
860.00 0.20 < < 114 12.22 1.01 


— 44 4.08 < —135.2 0.141 < —147.2 0.26 


COMPACT PROGRAM 


. Calc. value 


ee eee ee ee ee ees 


TPV 597 SINGLE STAGE 
Veg = 20V I, = 440 mA 


5 dB 


470 500 — : 600 7090 = 800: 860 MHz 
. a gets Frequency (MHz): 


. Figure 4. Gain versus Frequency | | 
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TPV 597 SINGLE STAGE | empiicayae 
Vcg = 20 V : I, = 440 mA 
— 10 dB 
Calc. value 
—15dB 
— — Frequency (MHz) 
470 500 ~ 600 ae 700 800 860 MHz 
- Figure 5. Calculated and Empirical Input Return Loss 
0 dB OUTPUT VSWR 
—5dB 
— 1048 ———-— : 1.9 
® Gee Calc. value 
—15dB 
q—— Empirical value 
—20dB | wae 
— 25 dB 
— 30 dB 


Frequency (MHz) 


700 800 


Figure 6. Calculated and Empirical Output Return Loss 
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IMD (dB) 
55 


TPV 597 Single Stage 


VISION CARRIER — 8dB 
SOUND CARRIER — 7d8 


_ SIDEBAND —16dB 


- 60 


Veg = 20V 
1, = 440 mA © 
Fo = 860 MHz 


70 


, Pout (W) 
0 05 a. 1.5 


IMD (dB) 
— 60 
SINGLE STAGE 
_ 65 POUT SYNC. : 1 W 


VISION CARRIER — 8dB 
SOUND CARRIER — 7dB 
SIDEBAND — 16 dB 


440 mA. 


700° 
Figure 7b. IMD versus Frequency 
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| 3.108 
_ Lengths are given at Fy = 860 MHz § Ag = | 


Fo Jere 


Glass teflon €, = 2.55, 1/16" board material. 


a) Circuit Diagram 


Vcc | | | - VCE 


» 2N 2904 


b) Class A Bias Circuit 


Figure 8. Circuit Diagram and Bias Circuit 
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INPUT ——> © ——+ ourPuT 


50 mm 


Board material : Glass Teflon; 1/16 inch; é, = 2.55 


Figure 9. PC Board Layout (Not to Scale) | 


TPV 597 amplifier | 
50 Q 


crite Quadrature Quadrature 
(low VSWR) Ps ; 
combiner combiner 
output 
(low VSWR) 


TPV 597 amplifier 


The 3 dB quadrature combiners can be supplied by : } 


— ANAREN (10 264-3). . 
— SAGE wireline (4450900) 


Figure 10. Two Broadband Amplifiers Combined with Quadrature Combiners 
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LINEAR RF POWER MODULE FOR 90 WATTS 
 UHF TV AMPLIFIER 


a" : 
“ne, 


ati 
ees 


The TPVA 5060 is a high performance power amplifier which should prove invaluable in 
the design of TV Hanepoeets and transmitters. 


The basic Sharatterstics of this unit are: 


e 65 watts output at the 1 dB gain compression point from 470 to 860 MHz. 
¢ Small signal gain of 17 dB minimum. — 

e IMD products < — 51dB at 50W (- 8: — 10: — 16) 

¢ Cross modulation : 20 % typical at 50 W 

¢ Small size. 


- Giving precise details for DC supply and cooling, this application note sets out to simplify 
_ the installation of the module and to ensure its optimal performance. 


I. — _ PRESENTATION | 
With the aid of 3 dB:couplers, the TPVA 5060 combines Figure 71: shows the circuit of one amplifier. channel. It 
two separate amplifiers. As well as doubling the output =— can be seen that each amplifier stage is itself a class A 
power, this concept has the advantage of ensuring a amplifier in push-pull configuration. It is with this well 
reduced output in the unlikely event of failure of one of known concept that broadband operation and high 
the channels. degree of linearity may be achieved. 
cD> CF 
O —O 
— 
INPUT | qd) OUTPUT 
Of, tan 0 bain -@ 
7 f at 
PBS 
BD 
O BF 
al : 
, M.N_: Matching Network Ba 


Figure 1. Schematic for One Amplifier Channel 
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ll. — BIASING THE TPVA 5060 


H.1 — Introduction 


The TPVA 5060 is a linear power module Raving. 


* 50 ohms SMA connectors for RF input aed 


output 
e 2 DC connectors for supplies. 


INPUT 


BD ~ BASE DRIVER 5 so: 
CD - COLLECTOR DRIVER 
BF . BASE FINAL 


CF = COLLECTOR FINAL 


The biasing circuits which we shall call BC1 and BC2 
feed the driver and final atage respectively. (See 
fig. 2) 

They have been chosen for their reliability, simpli- 
city and low cost. but more sophisticated circuits 
could be used.- 

This module incorporates the RF and low frequency 
eecoupling circuits. 


ore Vsupply 


OUTPUT 


Veupply 


Figure 2. Block Diagram of Amplifier 


i!.2 — BC1 and BC2 description 


This para gives some details of suggested circuits 
for BC1 and BC2. 


11.2.1 — Theory of operation 


¢ BC1 and BC2 are current generators biasing the 


driver and final stages in class A. (Fig. 3) 
e They also ensure the stability of the RF transis- 
tors quiescent currents versus temperature. | 


° potcatiemeiens P1 and P2 allow bias current 
adjustment. 

® Collectors voltages and currents can be checked 
on test points TP1 and TP2 with an electronic 
PaUVOlMoter 


W.2.2 — Electrical circuit — Components list 
— PCB Layout 
Fig. 3 et 4. 


+ V Supply 


BD or BF. 


— (GND) 


Figure 3. Electrical Circuit 
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~ — V Supply (GND) 


Four circuits are requested for one TPVA 5060 (2 circuits BC1 for driver) 


Figure 4. P.C. Board Layout : 


(2 circuits BC2 for final) 


COMPONENTS LIST 


C1 Electrolytic capacitor 
C2 Ceramic capacitor | 
R1 Resistor 1/4 W 5 % 

R2 Resistor 1/4 W 5 % 

R3 Resistor 1W5% 

R4 Resistor “6 W 1 % 

R5 Resistor 1/4 W 5 % 

D1 Diode | 

T1 Transistor 


il. — OPERATING INSTRUCTIONS 


il.1 — Precautions 


' Before switching on be sure that : 


— The heatsink used to evacuate the heat gene- | 


rated by the module is large enough to maintain a 
temperature below 70 °C on the module tempera- 
ture test point. 


0.47 ohms 


icol lector 


100 MF/40 volts 


-.1000 pF 


47 ohms 

1000 ohms 

47 ohms 

(2 parallel resistors each 0.47 
. . on BC2 final circuits) | 

47 ohms 5, 
IN 4148 


BD 136. with heatsink . 


— RF input and output are terminated with a 
50 ohms load. . 

— The power supply has been « current limited » 
to 12 amperes. 

_—_ There is no RF input. . 

— BC1 and BC2 have been tested. 
The following test circuit can be used to « pre-test » 
each bias circuit and to « pre-set » potentiometer 
Pi and P2. (Fig. 5) 


 Vsupply | 


>» TP1 or TP2 


| T = LOW FREQUENCY POWER TRANSISTOR 
| ee (2N 3055 + HEATSINK) 


Figure 5. Pre-Test Circuit 
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111.2 — Measuring voltages and currents across 
the module 


° All voltage measurements use the base plate as. 
reference. 


@ Measuring Icp (Collector Current of the Driver) 


and Icr (Collector Current of the Final) : 


: R3 and R4 of BC1 and BC2 have a tolerance of | 


1% : 

‘Ico (A) = ¥_lolts) across R4 (Q) 
: R4 (0) 

Ick (A) = _ V_Ivolts) across R3 (0) _ 


R3 (Q) 


e Voltage supply is a function of the collector vol- 
tage and the collector current: | 
— V. supply to BC1 yee + (R3 x “Iep). 
Example : 
If Veco = 26 volts ; ee = 17A2R3.= 
V. supply to BC1 = 26.8 volts . . 
— V. supply to BC2 = Vcr + (R4 x Ice) 


0. 47 Bhiane 


Example : : “ 
lf Fve = 26 volts ; IcrF = 3. 6A: R4 = 0.235 ohms 
V. supply to BC2 = 26.5 volts. | | 


11.3 — Switching on 


© Apply first a voltage supply of + 5V and check 
the following voltages and currents : 


Iv. — COOLING THE TPVA 5060 


The user must take into: enneidatation that: without 


RE drive, 280 W flows from the amplifier base plate. — 
This implies that caution should be taken with ther-_ 
mal design so that the junction temperature does” 


not exceed a prohibitive value. 


For BC1: 


Veo = 5V; Veo O8V: leo 


—180mA . . . 
For BC2: Vcr = 5V; Ver = O.8V; IcF = 
300 mA . : 
- @. Then increase voltage supply : 
— adjust P1 of BC1 to vary Icp1 or Icp2 
— adjust P2 of BC2 to vary Icri or Icr2 
¢ Following typical values are given below : 
Vep = 5V Veo =~ O.8V~ Ico = 180 mA 
Veo = 10 V Veo = 0.9V  Icp = 500 mA 
Vep = 20 V Vep = 1.0V Ico = 1.25A. 
Vcp = 26 V Veo = 1.1V° Ico = 1.7A 
Vcp max = 26 volts, VBp max = 1.3 volts, Ico 
max = 1. 8 A . 
Vcr = 5V Ver = 0.8.V icp = 300 mA 
Vcr = 10 V Ver = O.9V  IcF = 950 mA 
Vcr = 20 V. Ver =~ 1.1V Ick = 2.5A 
Vcr = 26V Ver = 1.2V Ice = 3.6A 
Vcr max = 26 volts, Ver max = 1.4 volts, IcF max 
= 3.7A 
W.4 — Recommended biasing conditions 
Veco = 26 volts; Icp = 1.7A 
Vcr = 26 volts; IcF = 3.6A 


These biasing conditions have been chosen to give 
optimum RF performance (see specification) and 
ensure high reliability. 


Taking into account all thermal resistance encoun- 
tered between. the junction of the transistors and 


the. base plate. of the amplifier (junction-flange, 


flange-base plate, heat diffusion in the base plate), 
we do not advise exceeding a temperature of 70 °C 


at the reference point (T) defined in the figure 9. 
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Note that the optimal torque of the steel screws is | mate of the MTTF versus the flange temperature. 
25 kg/cm. | | (Fig. 6) : 
Please refer to the graph. below to make an esti- 


MEAN TIME TO FAILURE ON ACTIVE - 
AREAS METALLIZATION 


MEAN TIME TO FAILURE (10° HOURS) 


Figure 6. MTTF versus Temperature 


However, the user may meet rather severe environ- ditions of overall dimensions and air flow. 


~ mental conditions when the ambient temperature’ So we suggest the use of an aluminium heatsink, 
goes up to 50 °C. : | with base plate of 150 mm x 120mm x 5mm 


The rise in temperature allowed at the reference with 42 brazed finns of 3.5 cm eight, 0.035 cm 
point is then 20 °C. : thickness. _ ee | - 
A conventional air-air exchanger is not sufficient to This will ensure a temperature rise of 20 °C when 
achieve this low temperature rise under realistic con- _— the air flow is 43 I/s at sea level. (Fig. 7) 


—.. TPVA 5060 


Figure 7. Heatsink Configuration 2 2 


The size of this type of heatsink is relatively small. | Maximum-flow at O static pressure : 80 I/s- 


Typical blower (characteristics at 50 Hz) : ' . * Maximum static pressure : 32 mm H,0 


Nominal speed : 2 800 rpm Static pressure at 43 I/s : 22 mm H,O 
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Another configuration using helicoidal blower gives only 17 °C temperature rise at sea level. (Fig. 8). 


~ TPVA 5060 


AIR FLOW 


AIR FLOW 


Figure 8. Alternate Cooling Configuration 


Typical blower (50 Hz) 

Nominal speed : 2 850 r.p.m. 

Maximal flow at O mm H,O Static pressure 
40 I/s 

Maximal static pressure : 28 mm H,O 

Static pressure at 100 I/s : 12 mm H,0 


The user must however consider that the air 
density decreases according to the altitude 


i.e. : 
@ = eo Po — 80h x To ) 
P To — 7,5h 
Po = pressure at sea level (760 mmHg) 
To = initial temperature 
—h = altitude (km) 


So, at 2000 m altitude, we obtain 
e = e0 X 0,828 
However, under the same conditions, it must 


- be remembered that temperature at altitude is 
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not so high as it would be at sea level. 

It is considered that for 50 °C ambient at sea 
level, the temperature does not exceed 35 °C 
at an altitude of 2000 m. 

Finally, if the available air is not filtered pro- 
perly, it could obstruct the heatsink after a 
few hours. 

The user will have to take this fact into consi- 
deration. 


HOW LOAD VSWR AFFECTS } 


By Don Murray 
RF Devices Division 
Lawndale, Calif. 


Reprinted from RF Design Magazine 


lf your amplifiers test out fine in the lab but 
fail QC testing, the testing environment — 
not the product — is likely at fault. 


Consider the following scenario: You're designing 
and implementing into production a broadband 
Class C power amplifier. During your design 
phase, you follow all the rules of science and 
also dig into your bag of electronic tricks to 
meet the design specification. Your design is 
fabricated and tested successfully in the lab. 
Twenty-five more units are built in the lab and 
they, too, test out fine. 


Confident that both design and production pro- 
cedures are satistactory, you begin series produc- 
tion. But when the first units reach RF test, not 
one meets specification. Yet when you retrieve 
the units, they test OK in the lab. 


What's wrong with these amps? Probably 
nothing. This scenario, in one form or another, is 
all too common in the design and manufacture of 
non-linear RF circuitry. The culprit. is correlation 
of test systems. A difference of .5 dB is enough 
to fail units that are perfectly good, resulting in. 
unnecessary and expensive retesting or. even 
reworking. Still worse, a half dB error will pass 
units that don’t meet specs and never should be 
shipped. i 


Such correlation errors will disrupt an even more 
important function, that of maintaining product 
continuity. A device built in 1982 should perform 
the same as an identical model number device 
built in 1976. Another way of saying this is that 
a device tested in a 1982 test system should 
produce the same results when tested in a 1976 
system. The key, of course, is RF correlation. 


What is RF correlation? Simply put, RF correla- 
tion occurs when target error limits are estab- 
lished and adhered to on a continuous basis 
among two or more testing stations. Such cor- 
relation is essential to cost-effect production. of 
non-linear RF and microwave. power amplifiers, 
whose circuits are extremely sensitive to the im- 


pedance of their loads, either in test systems or 
equipment environments. It is easy to compen- 
sate for the insertion loss errors in an attenuator, 
but it is much more difficult to compensate for 
variations in the input impedance difference bet- 
ween attenuator pads, that is, the load VSWR. 


Let's examine RF correlation on both an empirical 
and theoretical level. 


EMPIRICAL APPROACH 

The empirical approach is shown in Table |, 
where several test circuit loads (consisting of 
series attenuators, directional couplers and RF 
switches) were assembled. The insertion loss and 
input impedance of each load string was 
measured. Following this, the individual loads 
were connected to a given test circuit containing 
a common base microwave power transistor. The 
power meter used was also a constant. 


Table | shows insertion loss, insertion loss correc- 
tions, indicated RF power, and actual power data 
of each load string. A maximum error of 0.52 dB 
was detected with a standard deviation of .19 
dB. All these loads had a VSWR less than 1.1:1 
at the frequency tested. A VSWR of 1.1:1 Is 
better than the published specifications of com- 
mercially available attenuators, directional 
couplers, and RF switches from most leading 
manufacturers. A VSWR of 1.5:1 is a typical 
VSWR specification limit at 1.4 GHz. It must be 
noted that many users will gladly pay an addi- 
tional nominal charge for components meeting a 
tighter VSWR spec. 


THEORETICAL APPROACH 
The vehicle for the theoretical discussion is the 
well known expression: 


ae WVec —\Vcesat)? 
- 2RL 


Where: Po = Power output 
Vcc = Collector supply voltage 
VcesaT = Collector-Emitter saturation 
voltage 
RL = Load resistance. 


This expression is valid for a narrow range of RL 
(10% range maximum). Over a wider range of 
RL, significant changes in VCESAT occur as a 
function of RL. Output power varies with the 
square of VCESAT. VCESAT is a very strong func- 
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tion of collector current and transistor die 


temperature. : 


The theoretical approach will evaluate the 
changes in amplifier output power (Po) for a 
given change in load resistance (Rt). 

For simplicity, let us assume the following 
hypothetical conditions, which are typical of 
today’s RF power transistors. 


Hypothetical conditions: 


Vec = 28V 
VCESAT = 1.5V 
Pout = 50W 


Frequency = 1.0 GHz 
Solving for load resistance: 
RL = (Voc - VcesaT}? _ 102.25 


2Po 100 


= 7.022 


Additionally, assume that a simple two-section 
impedance matching network matches the 7Q to 
5092. Let this two-section match consist of two 
A/4 wave transformers. 


Given the conditions we have hypothesized, the 
Rt of 7.020 represents the collector load that 
will yield the best simultaneous satisfaction of 
device efficiency, device gain, gain transfer 
characteristics, and saturated power. 


For minimum Q, with a 2 section match, the 
transformation ratio of each section is — 


| 50.582 : 
A/4 long 


Zo 1st section = \V (7)(2.67)(7) 


= 11.442 


Zo 2nd section = VV (7)(2.67)(50) 


30.580 


AJ4 @ 1 GHz = 2.95” = .075m 


Table |] shows the transformed impedance at the 
input of the matching network as a function of 


AN1032 


Table I. Microwave Load Substitution Study 


The vehicle used for this test was a production test fixture and correlation sample #2.for the TRW MRA1417-6 broadband, high-gain transistor. Measurements were taken at 
1400 MHz with input power of 1.1W. 


Measured Circuit Measured | Delta | Load Input 
Power Return | Collector Insertion Calibration from Return Impedance 
Level Loss Current — of ~ Reference © Loss 


30.03 dB | +.0 | “calibration 
reference 


Largest Delta after calibration correction is 0.52 dB. — 
Mean value of the measured power = 7.41W: 
Standard Deviation = .34W = .19 dB. 


Note: -30 dB RETURN LOSS = g of 0.03 and VSWR of 1.06:1. 


Table I. Ri Effects on Output Power 


B) Make a bad circuit look good. 


Load Resistance Transformed Load Output Power — Cumulative 
(02) Resistance (2) (W) AdB — AdB or an. . ' 
_ This analysis was done for a single frequency. 
4 6.30 99.73 7 : The problem is compounded in a broadband 
46 6.44 54.59 095 ID i environment by requirements for a good broad- 
093 189 | band load impedance. 
si oe ad a vr TEST EQUIPMENT ACCURACY 
48 6.72 57.25 Test equipment manufacturers have produced 
.090 .370 some very impressive equipment in recent years; 
49 6.86 51.18 however, the accuracy of a well constructed 
| 087 457 system using the latest equipment available is 
50 7.00 50.16 | generally considered to be no better than +3%. 
086 543 | Considering the number of variables in RF testing 
af . ae 49.18 and the magnitude of the task faced by the test 
8 a equipment manufacturers, +3% is no small 
52 7.28 48.23 : a 
083 710 achievement. However, +3% is +.1 3 dB. This 
53 7.42 47.32 +.13 dB added to the +.435 dB indicated 
. . 081 . 791 earlier yields a total possible error magnitude of 
54 7.56 46.45 +.565 dB. This adds up to a total possible error 
| .080 871 of + 14% into a load with 1.1:1 VSWR. The 
55. 7.70 | 45.60 Output power range of our amplifier is now 5OW 
+ 7.05W. 
Maximum Delta dB Vs. VSWR ' et ss as - 
; ow we see how bad things can be, a few com- 
1.02 .17 (+.085) 
104 34 (4.17) The author believes that the correlation target 
1.06 . 51 (+.255) 


for the test of RF power devices should be +0.2 
dB, which we believe is the optimum tolerance 
for combining strict quality standards and the 

| need for easy repeatability under series produc- 
various load impedances. Our example utilizes a © CONCLUSION | tion conditions. If more than an occasional device 


68 (+.34) 
87 (+.435) 


~ feal-to-real impedance match for convenience. The — The data presented in table represents the power _ fails this test, do not assume that the devices 
analysis also is appropriate for an imaginary-to- variation into a load with a VSWR of 1.1:1 are at fault. Instead, first analyze the test circuit 
real match in that center of the VSWR circle at _relative to 50@. The result is a power output of and then the test system to determine the 
the input to the matching network will be 50W + 5.3W (+.435 dB). The total Delta is reason for the additional error. Some suggestions 
rotated but won't change in magnitude from the 10.3W (.87 dB). This is enough to: on how to maintain a +0.2 dB correlation are 
data presented. A) Make a good circuit look bad, or... . shown in Table Il. 
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Tabie fil. Notes 
Suggestions to the Maintenance of Correlation 


. Serialize and document all components (attenuators, © 5. Be selective when using: cables in test systems. For 
directional couplers, power meters, detectors, etc.) of | example, the MIL-C-17 specification for “RG” cable 
the test system. Do not disturb the system once - types says that RG-58 can have a characteristic im- 
calibration has been performed. Calibrate the system - pedance from 48 to 529 (maximu VSWR of 
once a month. ~ ~1.04:1) when terminated in a “perfect” 5092 load. 


. Require that loads have a calibration return loss . Be very selective when choosing RF switches. The 


>-35 dB (VSWR of 1.05:1) in frequency band of VSWR of a mechanical switch will vary with time. 
interest. : ay 
. If possible, terminate the system with a 5092 load 

. Dedicate test systems to specific circuits or rather than an attenuator. Load manufacturers need 

products. This is necessary for both correlation and only consider the VSWR of a load. However, for 

product continuity. attenuator, tradeoffs must be made between VSWR | 

and frequency response. Measure power and other 

. The placement of transistors in the test fixtures performance parameters via calibrated directional 

must be uniform. For instance, flanged transistors couplers. 

should be placed in the test fixtures with the device 

pushed towards collector load circuitry. 


The 0.2 dB target is an achievable target in 
broadband test systems. However, a constant 
awareness of the test system capabilities and 
potential problem areas is mandatory. RF correla- 
tion problems will never go away, but they can 
be made easier to handle. 
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MATCH IMPEDANCES IN MICROWAVE AMPLIFIERS 


and you’re on the way to successful solid-state designs. 
Here’s how to analyze input/output factors and to create a practical design. 


By Roger DeBloois 


The key to successful solidctais microwave 
‘power- -amplifier design is” impedance matching. 

In any. high-frequency power-amplifier de- 
‘ sign, improper impedance matching will degrade 
stability and reduce circuit efficiency. At micro- 
wave frequencies, this consideration is even more 
critical, since the transistor’s bond-wire induc- 
tance and base-to-collector capacitance become 
significant elements in input/output impedance 
network design. 

‘In selecting a suitable transistor, therefore, 
keep in mind that the input and output imped- 
ances are critical along with power output, gain 
and efficiency. | 

Unless the selected transistor is ised at. fre- 
quencies that are much lower than the maximum 
operating frequency, the input impedance is 
largely inductive with a small real part. The 
large inductance is due to bond wires that con- 
nect the transistor chip to. the input lead of the 
package and to the common-element bond wires. 
The small real part of the input impedance is due 
to the large geometries required to generate high 
power at high frequencies; the base bulk resist- 
ance may be the predominant part of the real 
input impedance. | 


Use microstrip stubs at input network 


The first and most important step in designing 


the input matching network for the selected de- 
vice is to provide a shunt capacitance that will 
resonate the inductive component of the input 
impedance. This step forms the low-pass match- 
ing section of the network and should provide 
the smallest possible transformed impedance. To 
minimize the inductive component, the input and 
common-element lead lengths must be kept short. 

The resonating capacitance is generally best 


provided by a microstrip stub. In some cases the 


stub producing the required capacitance is so 
large that a practical circuit size cannot be 
realized. It ig best then to distribute as much of 


1. In this output equivalent circuit, capacitance Coyr 
is almost equal to the selected transistor’s collector- 
to-base capacitance C,,. 


this capacitance as is physically practical and to 
provide the balance with high- quality chip ca- 
pacitors. 

The first section of the impedance matching 
network is extremely important because it can 
degrade the stability of the amplifier if it is not 
well designed. Depending on the design frequency 
of the amplifier and the transistor selected, the 
resonated real impedance can range from less 
than 50 9 to much higher. When it is below 50 0, 
an additional low-pass matching section can be 
conveniently added to achieve the required 50-2 
impedance at the input. — 

The higher-impedance case presents a special 
problem if microstrip. techniques are used to 
build the matching network. The problem occurs 
because the resonated impedance may be as high 
as 800 M. Reducing this to 50 9 by use of a low- 


-pass network configuration requires a series- 


transmission line that will behave as an inductor. 
The rule of thumb is that the characteristic im- 
pedance of the transmission line must be at least 
twice the higher impedance before such behavior 


results. Examination of the accompanying table 


shows that characteristic impedance lines of great- 
er than 100 9 are very narrow. Narrow trans- 
mission lines (less than 0.0l-inch wide) should 
be avoided wherever possible, because repeatabil- 
ity of width dimensions is poor. Also, the loss in 
a narrow line may become excessive. A better 
solution is to use a quarter-wave transmission- 
line transformer with a characteristic impedance 
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equal] to the square root of the 50-0 impedance 


product: Z, = =V 50 Zp. 


Make output bandwidth wider than input 


The output impedance of a microwave power 
transistor is usually defined as the conjugate of 
the load impedance required to achieve the de- 
vice performance. A typical output equivalent cir- 
-euit is shown in Fig. 1. The capacitance C,,, is 
nearly equal to the collector-base capacitance C,, 
specified for the selected transistor. L. is the 
inductance of the bond wires used to bridge from 
the collector metallization area to the package 
output lead, and L.., represents the inductive 
effects of the common element bond wires. 


For correct operation of the transistor, the: 


ultimate load impedance must be transformed to 
a real impedance across the current generator. 
This real impedance is pagan by 
oxi be SN oe (sat) ]?_ 
nee BP. 

The load impedance presented to the package 
terminals will contain the rea] impedance at the 
current generator, transformed to a lower value 
by the low-pass L section formed by C,.,, and the 
parasitic inductances L. and Lom. Usually the 
reactive part of the load impedance is made in- 
ductive to tune out the residual capacitance of 
the device. 

The output matching network should be de- 
signed so it has greater bandwidth than the in- 
put matching network. Providing a good collector 
match, both above and below the design frequen- 
ey, ensures that the input. power will be reflected 
before the collector VSWR rises to values that 


endanger the transistor. In this way the tran- 


sistor is protected from off-frequency operation. 
The amount of additional bandwidth required for 
protection of the transistor depends on the rug- 
gedness of the transistor used. The manufac- 
_turer’s specifications for VSWR tolerance and 
input Q can be a guide for determining the band- 
width requirements of the input matching net- 
work. iho 

One technique for obtaining the required band- 
width is to resonate a portion of the capacitive 


ee | ee, i ete a 


: 
: 


| 


uy 


a 
= 


2. With this typical microwave amplifier breadboard iay: 
out, the entire board can be soldered to a metal plate 
to provide a path for aetna ecounes 


reactance of the transistor output impedance 
with a shunt inductor. The shunt inductor can: 
also be used to feed the collector supply voltage 
to the transistor. Additional transformation may 
be obtained from a low-pass matching section. 
By adjusting the amount of shunt inductance 
and rematching with the low-pass section, the 
designer can create a truly broadband output 
match. 


Don't overlook base and collector paths 


In addition to matching the device impedances, 
direct-current paths must be provided to the base 


and collector of the transistor. The collector path 


is provided by the shorted stub in the imped- 
ance-matching network. The base path requires 
the addition of a choke from the base to ground. 
The choke can be a lumped element or a distribu- 
ted shorted stub of sufficient impedance to be 
negligible in the circuit. A quarter-wavelength 


stub is ideal. The narrowest practical line should 


be selected. In addition a de blocking capacitor 
is required in the collector circuit. Also needed is 
a bypass capacitor to provide the proper ac 
shorting point for the inductive stub in the col- 
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Microstrip Zo and velocity factor vs width-to-height (W/ H) ratio. 


(Prepared by Don Schulz, Applications Engineer) | 
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7.585 _ 


/ 1.000 © 5.266 


[e187 [5.264 


1.000 


i000 


91.337 3.969 


100.700 3.611 | 1.000 : 


369 | 1000 | 2492 | 
lector-matching network. _ 

Selection of a blocking capacitor is relatively 
straightforward. The capacitor should be chosen 
-to provide low loss at the operating frequency 
while maintaining the capacitance at a value 
that inhibits low-frequency oscillation. The latter 
is caused by the series capacitor’s tendency to 
display rising reactance with decreasing fre- 
quency. e | 

Blocking capacitors must be large enough. to 
preserve coupling characteristics down to a fre- 
quency where the shunt-feed chokes can effec-— 
tively short the respective port to ground. Cou- 
pling capacitors should not be excessively large, — 
or they may produce as much as 1-dB loss in 
gain with a corresponding decrease in efficiency 
in the case of collector coupling capacitors. The . 
Q of the coupling capacitor determines the ac- 
ceptable range of capacitance values and is gen- 
erally inversely related to capacitance. a 

Bypass capacitors are selected by analysis of 
the same considerations as those for blocking 
capacitors. A large bypass capacitor (tantalum ~ 
or electrolytic), placed from the dc feedpoint to 
ground, prevents tendencies toward low-frequen- 
cy oscillation in the circuit. Also, it may be neces- 
sary to add smaller bypass capacitors to preserve 
stability over.a wide range of frequencies. | 


Adjust for bandwidth and physical dimensions 


The circuit design may be adjusted quickly for 


273] 


2. | | 0.628 | 2.125 


. 
. s 
. 


must be converted to physical dimensions. 


"2.818 


[2335 | o4a7 | 


fered by University Computing of: Dallas, Tex. 
When that step is finished, electrical dimensions 

At this point in the design sequence, the di 
electric material must be chosen. Three common- 
ly used materials are Teflon fiberglass, epoxy 
fiberglass and alumina. Above 500 MHz, epoxy 
fiberglass exhibits too many losses to be a good 


_ choice. Teflon fiberglass can be used up to sever- 


al gigahertz; it has reasonable dielectric losses 


_ and is easy to process. Alumina, a ceramic, offers 
a high dielectric constant, good dimensional con- 
-gistency and small circuit geometry. 


When plastic materials. are used, it’s a good 
practice to measure the material thickness and 


~ dielectric constant, because variations are com- 


mon. In a recent test the dielectric constant.of a 
sheet of epoxy fiberglass material was measured 
at 4.55 at 1 MHz and 4.25 at 500 MHz. If the 
manufacturer’s value of 5.5 had been used for 
the design of matching networks, considerable 
error would have resulted. 

The physical dimensions of the matching cir- 


_ cuitry may be calculated from the data in the 


table. The line lengths are scaled by the velocity 


- factor, which is equal to Z,/Zoiir) in air for a 
_ constant width-to-height ratio, W/H. 


The final design of a typical breadboard micro- 


- wave amplifier is shown in Fig. 2. The ground 


areas on the top of the board are connected to 


- the microstrip ground plane by 2-mil-thick foil 


bandwidth requirements through use of a com-.. | 


puter optimization program such as Magic, of- 


wrapped around the edges of the board and the 
areas directly under the emitter leads of the 
transistor. The foil is secured to the top and bot- 
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3. The immittance chart, with values specified for the 
design example, indicates the necessary inductive and 


capacitive stubs. Impedance transformations are achiev- 
ed by 50-( series-transmission lines. 


tom surfaces with solder. Plating may be used 
for production units. The entire board can’ be 
soldered to a metal plate to allow connector 
mounting and to provide a thermal path for the 
heat generated by the transistor. at 
The initial tune-up of the amplifier matching 
circuits can be expedited by use of a network 
analyzer and a precision load on the input or 
output connector. The circuit can be adjusted to 
match the nominal impedances supplied by the 
transistor manufacturer. Distributed stubs are 


. purposely made longer than necessary and are 


adjusted to the correct length by trimming of the 


foil.on the capacitive stubs. The inductive stub 


in the output network is adjusted by positioning 


of the bypass capacitor along the stub and the 


adjacent ground plane. “3 


This procedure results in a load line that is 


fairly close to optimum. A transistor can now 


be inserted in the circuit and the collector match- 
ing network readjusted for maximum collector 
efficiency. Stub tuners are used to match the 
amplifier input impedance, so that only one vari- 
able at a time need be considered. Initially it 
may be necessary to operate the transistor at re- 
duced collector voltage and power output to avoid 
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excessive stress. When maximum efficiency is 


obtained, the stub tuner is removed and the in- 
put network adjusted for minimum input VSWR. 


Now let’s design an impedance-matching circuit 


Let’s consider a practical example of a pro- 


cedure for the design of impedance-matching 


circuitry. The sample circuit uses a TRW 
2N5596 at 700 MHz as the active device. 
Specifications for the completed amplifier are: 


Lin = 50 Q, 

Le == BOQ; 

Pos, == 20 W, 

G, = 7 GB, 

y = 55% minimum. | 


Specifications ‘for the TRW 2N5596 are: 


Pout = 20 W at 1 GHz, 

” = 55% minimum at 1 GHz, 
G, = 5 dB minimum at 1 GHz, 
Zin = 2.5 + J4.0 at 700 MHz, 
Zour = 6.0 —.J12.5 at 700 MHz. 


In practice, the gain of a common-emitter 
amplifier decreases at a rate of 4 to 5 dB per 


octave. The 2N5596 at 700 MHz produces about . 


7 dB of gain. Therefore approximately 4 W of 
drive will be required to produce 20 W of output 
power. The collector efficiency can be expected 


to increase at the lower frequency, but it is diffi- - 


cult to estimate because it is a complex phenome- 
non. Manufacturers’ curves of. typical behavior 


are useful. Output power will not increase sig-_ 


nificantly with the decreased frequency. 
The efficiency-frequency relationship depends 
on device fy and ballasting. Heavily ballasted 


transistors. tend to give increased efficiency as- 
frequency is decreased. However, they level out | 


at a lower efficiency than a nonballasted part 
because of I?R losses in ballast resistors. The 
average increase in efficiency as a result of de- 
creasing frequency is about 20% per octave. 
Values from 10 to 40 7 per octave have been 
measured. 

The initial phase of the design is best ac- 
complished on an immittance chart. The chart 
with appropriate values indicated for the sample 
design is shown in Fig. 3. The input match is 
achieved when the input impedance. is resonated 


with a capacitive susceptance of 0.18 mhos. This’ 


susceptance is realized by use of a pair of capaci- 
tive microstrip stubs. Each stub must exhibit a 
-reactance of 2 x 1/0.18 mhos, or 11.1 9. The 
length of the stub may be calculated by 


tan 90 = ee : 


hen ease of aise the length of the 


stubs should be less than 60 degrees. Because ca- 


pacitive reactance is a tangential function, the 


_ reactive variations per unit length become in- 


creasingly severe past 60 degrees. It is better to 
decrease Z, rather than to use longer stubs to 


-. achieve higher capacitance. Therefore Z, = 1.732 


X. = 19.24 0. Because it is easier to shorten a 
microstrip stub than to lengthen it, the Z, of 
15 QO, for example, provides sufficient adjustment 


range to accommodate device variations. 


The next step is to transform the resonated 
impedance to 50 1. This is accomplished by a 


 geries-transmission line with a characteristic im- 
pedance of 50 9. From Fig. 3, we see that the 


length of this line can be directly determined to 
be 0.062 wavelengths, or 22.3 degrees, long. A 


capacitive susceptance of 0.040 mhos completes 


the transformation. Again, a pair of capacitive 
stubs will provide the susceptance. For ease of 
converting the design to microstrip dimensions, 
it is convenient to choose a Z, for the second 
stub that is equal to that selected for the first. 


‘Therefore: 


ZL, 15 
X. 50. 
or 6 = 16.7 degrees. 

In this case the length chosen is 20 degrees to 
allow for some adjustment. 

The output match is achieved by partial reso- 
nating of the device’s output impedance with an 
inductive susceptance. While the amount of sus- 
ceptance chosen is arbitrary at this point, the 
output network bandwidth is affected by the 
value. From Fig. 3, we can determine that 0.05 
mhos is required for the first matching element. 


tan @ = 


- This susceptance is achieved by use of a shorted 


microstrip stub. The length of the stub may be 
calculated from the equation 


tan 6 = z : 
If Z, of the stub is arbitrarily chosen to be 50 2, 
. | 20 
tan 6 = 50 oo — 0.4, 


~@ = 21.8 degrees. 

“heats the stub is made somewhat longer be- 
cause it can be adjusted by sliding the chip 
capacitor (ac short) up or down the line length. 
The remaining transformation is achieved by a 
50-20 series-transmission line of 0.15 wavelengths 


(54 degrees long) and a capacitive susceptance 
- of 0.014 mhos. Selecting a pair of 50-ohm micro- 


strip lines to provide the susceptance requires a 
stub length of 


. =I - 
MS 2 xX 0014 = 143 
oe eee = 
tan = X. —~ 13> 0.350 = 19.3 degrees. 


A stub length of 25 degrees will provide 
an adequate allowance for adjustment of the 
circuit. =8 
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THREE BALUN 


INGLE RF power transistors seldom 

satisfy today’s design criteria; sever- 
al devices in separate packages: or in the same package 
_ (balanced, push-pull or dual transistors), must be coupled 
to obtain the required amplifier output power. Since high- 
power transistors have very low impedance, designers are 
challenged to match.combined devices to a load. They often 
choose the push-pull technique because it allows the input 
and output impedances of transistors to be connected in 
series for RF operation. 

Balun-transformers provide the key to push- pull design, 
but they have not been as conspicuous in microwave circuits 
as at lower frequencies. Ferrite baluns? have been applied 
up to 30 MHz; others incorporating coaxial transmission 
lines operate in the 30-to-400-MHz range.° 


IN PRODUGHON———— 


INPUT BALUN 


INPUT RAN- OuTPUT OUTPUT BALUN 
ORC ANGE MATCHING SISTORS MATCHING (BALANCE-UNBALANCE) 
RK NETWORK 


ALANCE} NETWO 


INPUT 
(LOW VSwr) 


OUTPUT 
aon (Low VSWR} 


AN1034 


DESIGNS FOR PUSH-PULL AMPLIFIERS 


The success of these two balun types should prompt the 
microwave designer to ask if balun-transformers can be 
included in circuits for frequencies above 400 MHz. Theory 
and experimental results lead to the emphatic answer: yes! 
Not only will baluns function at microwave frequencies, but 
a special balun can be designed in microstrip form that 
avoids the inherent connection problems of coax. 

On the next six pages, you will observe the development 
of three balun-transformers—culminating with the micro- 
strip. version. None of the baluns was tuned nor were the 
parasitic elements compensated. In this way, the deviation 
of the experimental baluns from their theoretical per- 
formance could be evaluated more easily. The frequency 
limitations imposed by the parasitic elements also were 
observed more e clearly. . 


1.. A balun transforms a balanced system that is — 
symmetrical (with respect to ground) to an un- 
balanced system with one side grounded. Without 
balun-transformers, the minimum device impedance 
(real) that can be matched to 50 ohms with acceptable 
bandwidth and loss is approximately 0.5 ohms. The 
key to increasing the transistors’ 
output power is reducing this. im- 
pedance ratio. Although 3-dB hy- 
brid combiners can double the maxi- 
mum power output, they lower the 
matching ratio to only 50:1. Balun 
transformers can reduce the origi- 
nal 100:1 ratio to 6.25:1 or less. The 
design offers other advantages: the 
baluns and associated matching cir- 
cuits have greater bandwidth, lower 
losses, and reduced even-harmonic 
levels. 


2. Baluns are not free of disadvan- 
tages. Coupling a pair of push-pull 
amplifiers with 3-dB hybrids avoids 
(for four-transistor circuits) one of 
these: the higher broadband VSWRs 
of balun-transformers. A second dis- 
advantage, the lack of isolation be- 4 sap. w push-pull ampli. 
tween the two transistors in each _ fier for DME band. 
push-pull configuration, is outweighed by the advan- 
tages of the balun design in reducing the critical 
impedance ratio. — 
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3. In this simple balun that uses a coaxial trans- 
mission line, the grounded outer conductor makes an 
unbalanced termination, and the floating end makes 
a balanced termination. Charge conservation requires 
that the currents on the center and the outer conduc- 
tors maintain Fane magnitudes and a 180-degree 
~— phase relationship at any point 
along the line. By properly 
choosing the length and charac- 
teristic impedance, this balun LINE A: Zqi' 
me can be designed to match de- a ae Pan oadvaese 
meee vices to their loads. In the case 
_ shown, if 0, = 90 degrees, the 
matching condition is: 


erimental version of a simple — 2 = 
bake using coaxial lines. Z A 2xRx50. 


4. By adding a second coaxial line, the basic balun can 
be made perfectly symmetrical. In this symmetrical coaxial 
balun, the bandwidth (in terms of the input VSWR) is 
limited by the transformation ratio, 50/2R, and the 
leakages, which are represented by lines B and C. If Z, = 
50 ohms and R = 25 ohms, the bandwidth is constrained 
only by the leakages. 


LINE A: Zg, 0, 
LINE B, LINE C: 2g mZ6; 0g me 


SYMMETRICAL COAXIAL BALUN (DESIGN 1) 


5. The equivalent circuit for the symmetrical balun 
shows the effect of the leakages (lines B and C) on its 
performance. A broadband balun can be obtained by using 
a relatively high characteristic impedance for these leakage 
lines. In theory, the construction of the baluns insures 
perfect balance. | : 


6. The symmetric balun’s input equivalent circuit further 
simplifies its configuration and allows the input VSWR to 
be calculated’ In this design, line A has a characteristic 
impedance of Z,=50 ohms, a length of L,=1799 mils, and 
a dielectric constant (relative) of. ¢,=2.10. For lines B and 
C, Z),=30 ohms, #1799 mils, and ¢€e¢,=2.23. ets - 


L=1799 


LINE AA: ZaA maza: Dan @U,g 
LINE BB: Za8 =m 2Z,: eg 0g 
R, 22R 


2, 101) SYMMETRIC BALUN INPUT EQUIVALENT CIRCUIT 
2, 2250 \- 2A 20 


- 2R 212.8 


INPUT VSWR 


8 
FREQUENCY — GHz R 
THEORETICAL INPUT RESPONSE OF THE SYMMETRIC BALUN (DESIGN 1) 
; a 
7. The theoretical input VSWR has been calculated for 
50-ohm values of Z, and 2R, and for two other sets of values 
for these parameters. The performance of an experimental 
balun will be compared with these theoretical results. BALUN 2511 LINES «4/16 LINE-SECTION LOAD 
: COAXIAL/ ANCROSTRIP cuesYSHEV IMPEDANCE 
“ MICROSTRIP TRANSFORMER 
MICROSTRIP 
LIME A: Zq4= 500); tas 1799 MILS;:: , 2. 10 
: LINE B - LINE C: Zg= Zc ™ 3012; lg= = ‘Le = 1799 MILS;. eft 2.23 
= = = 25 == 750 MILS; : ogg 2.23 
8. Two /16 line section Chebyshev impedance trans Gare! tien no ecanie Eateie, ee 
formers match the experimental balun to a 50-ohm meas- LINE F - LONE F: Zp = 20.361; Lg = 461 MILS; 99g = 2.31 eousine Caonieten ‘i 
urement system. The balun was tested from 0.6 to 1.5 GHz. ear WITH OUTPUT TRANSFORMERS 
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9. The measured phase difference and insertion loss 
difference, which indicate the maximum unbalance for 
the Design 1 experimental balun, are 3 degrees and 0.2 dB, 
respectively. - Pie 


PHASE DIFFERENCE 
—OEGREES 


10. The maximum VSWR measured for the first 
design is 1.5:1. Note the comparison between the 
calculated and measured response. The performance 
shown can be considered valid for amplifier applica- 
tions up to an octave range. Sa ae ue 


INSERTION LOSS 
DIFFERENCE—d& 


FREQUENCY—GHz | 


; DESIGN 1 BALUN MEASURED PERFORMANCE 


INPUT VSWR 


0.9 1.0 1.1 


FREQUENCY — GHz 


: MEASURED 


DESIGN. 1 BALUN PERFORMANCE 


11. The second balun design adds two identical 
coax lines to the simple balun just described. The 
inputs of the identical lines are connected in series 
to the output of the first balun. By putting their 
outputs in parallel, the final output becomes sym- 
metrical. The output impedance is halved. 


FIRST SECTION SECOND SECTION 
LUNE B ANDO LINE C: IDENTICAL LINE D AND LINE F: IDENTICAL LINE E AND LINE G: IDENTICAL 
COAXIAL BALUN DESIGN 2 


12. The equivalent circuit for the Design 2 balun 
indicates that its bandwidth, in terms of input VSWR, 
is limited by the transformation ratios of the first and 
second sections and the leakages represented by lines 
B, C, E, and G. If the balun is designed with Z, = 
50 ohms, and Zp = Z; = 25 ohms, and if the load, 
QR, is set at 2X6.25 ohms, all of the transmission lines 
will be connected to their characteristic impedances. 
In this case, the bandwidth will be limited by the 
leakage alone, and a broadband balun can be obtained 
by choosing lines B, C, E, and G with relatively high 
impedance and A/4 length for the center frequency. 
The balun achieves a transformation from 50 ohms to 
twice 6.25 ohms without causing a standing wave in 
the coaxial cables. 


13. The performance of the Design 2 balun can 
be calculated using Its equivalent circuit. The 
calculated VSWR shows a response very close to the 
simple coaxial balun (Fig. 10) because the new second 
section has four times the bandwidth of the first 
section. This design and its two companions are 
intended to have octave bandwidths centered at 1.1 
GHz, the central frequency used in distance measur- 
ing equipment (DMB, 1.025 to 1.150 GHz) and tactical 
air navigation (TACAN, 0.960 to 1.215 GHz). For line 
A:Z, = 50 ohms, La = 1799 mils, ¢, = 2.10; lines B, 
C, E, and G: Z, = 30 ohms, L = 1799 mils, €¢¢ = 2.23; 
lines E and F: Z, = 25 ohms, L = 1799 mils, e, = 2.10. 


INPUT VSWR 


|. 
1.0 


a) 
1.2 


1.1 


FREQUENCY -—- GHz 


_ THEORETICAL INPUT RESPONSE OF THE COAXIAL BALUN (DESIGN 2) 
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14. Two /4 transformers —_ : oa 
match the experimental two- LINE G ’ a 
t gine 9) 


LINE F/ 


section coaxial balun’s 6.26- 
ohm impedance to the 50-ohm 
load. Although these trans- 
formers drastically reduce the 
bandwidth (in terms of the 
VSWR), they don’t affect the 


Two-section balun often used in the 


100-to-400 MH range. balance. SECTION CORO LINES” SECTION TRANSFORMER pone 
. = ‘ ; MICROSTRIP MICROSTRIP 
LINE A: Z, = 5002; La “= 1799 MILS; +, 2.1 
15. The measured phase difference and meas- Hea er eeecaren en eeicer enti 
ured insertion loss difference are plotted for the sea ath el peg «ge PT a seed 
ul = LINE H’: =2Zy' =. ; cond wm. 3 tet — 2- 
two-section coaxial balun (Design 2). The max- LINE 1 = LIME: 25-2 Zyee 17-Tidiky Lye 4772 MILB: eget 2.30 


imum unbalances for these two measurements over the Peecanawiat warouibceian stambtennecomcne 
octave bandwidth are 1 degree and 0.2 dB. 


16. The calculated and measured values for the 
input VSWR for the Design 2 balun show close 
agreement between the experimental and predicted . 
performances. This indicates that the parasitic induc- 
tors at the connections are negligible to at least 1.4 
GHz. Moreover, the balun has excellent balance to 1.4 
GHz and achieves:the 4:1 transformation without 
causing a standing wave in the coaxial line. Despite 
the many excellent qualities of the Design 1 and 
Design 2 baluns, the necessary coaxial line connection 
limits them to approximately 2 GHz. 
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DESIGNE3 


CAVITY BALUN JUNCTION 
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1.0 
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wees eee ny sore 
<¢— GEf- 


E10 aot eae cleo eles pg a ln 
17. The problems associated with the previous oo ae | LIne F 
coaxial baluns can be reduced or eliminated by | 
using a balun that allows a microstrip coplanar 
arrangement of the input and output lines, which 
greatly simplifies the connections to the amplifier. | 2g BZp AND Z, mZ_ 
This balun*consists of an input line, A, connected in 
series to three elements in the center of the half- DESO ECO RNA ESLUN 
wavelength cavity: a reactive open-circuit stub, B, and 
the 4/4 output lines, C and D. 


meee ee : CALCULATED 


: MEASURED 


DESIGN 2 BALUN PERFORMANCE - 


18. The equivalent circuit of the Design 3 coaxial 
version balun shows lines C and D connected to place 
io | 3. their input signals in antiphase, thereby producing 
ni, a two antiphase signals at their outputs. Transmission 
vee ae line impedances and lengths are optimized to achieve 
the correct input/output transformation ratio and a 
good match across the desired bandwidth. If only one 
frequency or a narrow bandwidth is desired, and all 
| lengths are 4/4, the matching condition Z,2/50 = 
BALUN EQUIVALENT CIRCUIT (DESIGN 3) 2Z,?7/R, will occur. In this case, Zr (Ze = Zr) and Zp 
have no significance except for loss. 
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19. The coplanar arrangement of input and output 
lines can be accomplished with microstrip technol- 
ogy. The uppermost conductor plane contains input 
line A, output lines C and D, and the open stub B. 
Coupling between these lines is avoided by separating 


LINEA 


E(180 }  .g——__-| 
OUTPUT 


BALUN 
JUNCTION 


£0} setirete 
ouTpuT “4 —~ Reese 


LINE 6 LINE D CAVITY 


LINE 88 


LINE OD RL 


LINE AA 


LINE AA: Zp 8-500; Lp mt 1888 MIL; « g¢¢ 982.10 
LINE BB: Zp wt 251); Lg 1810 MIL; «ogy 2.23 


LINE CC: 2Z, wa 35.80; Lp 1772 MIL; ¢ g¢f 2.33 
LINE OD: 22) M5012; Lp mB 1546 MIL: « g¢y 2.23 


AL 2X A500) 


INPUT EQUIVALENT CIRCUIT (DESIGN 3 BALUN) 
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UPPER CONDUCTOR 
PLAI 


CIRC 
DIELECTRIC ~ 


MIDDLE CONDUCTOR 
PLANE ‘ 


CIRCUIT 
FIXTURE 


them by at least one line width. The middle conductm 
carries the ground plane for the lines. To avoid 
radiation loss, the center conductor must extend at 
least one line width to either side of the upper plane 
circuit line. The balun resonant cavity is formed by 
the region between the 

middle and the lower con- 

ductor planes. A hole for 

. the cavity is: cut. in. the 

circuit fixture, filled with 

| dielectric, and - covered 

with the.middle conductor 

plane... The end-to-end 

length of the. cavity i is nom- 

inally a half-wavelength at 

midband. To avoid dis- 

turbance of the field dis- 

tribution, the cavity width 

must be at least three 

times the width of the 

middle conductor plane. 

The arms of the balun cavi- 

ty are folded to produce 

two parallel and proximate 

output transmission lines. 

This configuration is more 

suited to coupling two 

-|transistors than the ori- 

ginal layout in which the 

two outputs were on. op- 
/ posite sides (Fig. 17). 


iki 


CAVITY 
DIELECTRIC 


MICROSTRIP BALUN (DESIGN 3} 


20. The input equivalent circult for the microstrip 
version of the Design 3 balun allows its theoretical 
performance to be calculated. The design parameters 
shown provide a microstrip circuit that can be com- 
pared with the coaxial baluns of Design 1 and Design 
2. Transmission line A and lines C and D are loaded 
by their characteristic impedances—in this case, 50 
and 25 ohms. The cavity and the stub impose the 
principal frequency limitation. The impedances of 
these elements are dictated by the properties of the 
available dielectric substrates (glass-Teflon 0.020 and 
0.0625 inches in 


FREQUENCY — GHz 


THEORETICAL INPUT VSWR OF MICROSTRIP 
BALUN (DESIGN 3) 


21. The input VSWR can be calculated based on 
the equivalent circuit for the microstrip balun. For 
a one-octave bandwidth, the input VSWR is lower 
than 1.75:1. This calculated performance is similar to 
that of the two previous balun designs. The design 
of the microstrip has theoretically perfect balance. 
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THREE BALUNS FOR PUSH-PULL AMPS - | 


22. The equivalent circult of the microstrip balun : c Tyee 
shows it during performance measurements with - = , 
4/16 matching lines. The experimental model uses aera EEG CHINE SEINE 4 R=500 
. .18-mil glass-Teflon (e, = 

.2.55) for the tap circuits J 


and 62.5 mil glass-Teflon . ' 3 aieae 

for the cavity. Balance LINE C LINE H LINE J LIME L | 
properties were measured 
with a 50-ohm system, 
which was transformed to 


BALUN 250 - ft 
TRANSMISSION —LINE-SECTION 
LINE TRANSFORMER 


‘ LINEA: Z, 500: La 1888 MILS; i g¢¢ 2.10 
25 ohms by the A/16 line- LINE 8:Z_ 250); c 1810 MILS; very 2.23 ORT err ener 
i im- RINEE;LINEF:Z- Zp 17.90;le Lp 1772 MILS;. 2.33 
section Chebyshev ” LINE C; LINE D: Ze Zp 250) le eee 1546 MILS; ae 2.23 MICROSTRIP BALUN(DESIGN:3) 
CW te Fos pedance transformers, LINEG;LINEH: ZG Zyy 250g Ly 140 MILS: og 2.230 WITH TRANSFORMERS 
peony " mre which have a bandwidth , LINES; LINE J:Z,  Zy  G1.90; 2; Ly A666 MILS;« Qe, 2.07 ; 


LINE K; LINE L:Zy = Zy 20.512 Ly ky) 443 MILS; + gee 2.31 


The experimental microstrip balun show- 
ing the uppermost conductor plane. from 0.960 to 1.215 GHz. 


23. The unbalance between output ports for a one- 
octave bandwidth is shown in the measured 1.5- | : a6 (2s) 
degree maximum phase difference and 0.15-dB max- . | 

imum insertion loss difference. : DESIGN 3 BALUN MEASURED PERFORMANCE 


— DEGREES 


24. The central frequency is 10 percent higher 
than expected, but response is ciose to the calculated 
values if relative frequency is considered. If the output 
transformers and their effect on input VSWR are 
disregarded, an octave bandwidth with a maximum 
input VSWR of around 2.0:1 can be obtained. The 100- 
MHz shift between the two curves may be caused by . 
the improper determination of the folded cavity’s 
electrical length. Similar calculation inaccuracies may 
arise from effects at the balun junction and from the 
electrical length of the stub. As in the calculated 
response, the experimental microstrip balun performs 
comparably to the two coaxial designs. . 


PHASE-DIFFERENCE 


INSERTION LOSS 
DIFFERENCE—dB 


INPUT VSWR 


25. The similarity in the performance of the three 
balun designs within the considered frequency 
bands indicates that the parasitic elements do not 
significantly affect the theoretical properties. The 
‘frequency limit is higher than 1.5 GHz for all three. 
In the 0.960-to-1.215-GHz bandwidth (TACAN and 
DME applications), each performed with satisfactory 
balance. The table compares the main characteristics 
of the balun designs. 
The phase differences (41.5 degrees) for all three 


baluns are similar to those experienced with the | aa a 

miniature 3-dB hybrid couplers that are normally SUIUNVIAR — . (25) 
used to combine transistors for microwave balanced Performance of the Three Balun Designs. 
amplifiers. But the insertion loss differences of the: 


FREQUENCY — GHz 
: CALCULATED : MEASURED 


DESIGN 3 BALUN PERFORMANCE 


baluns are better—0.2 dB for a one-octave bandwidth Type of = Salun Maximum experl- Theoretical 

compared with 0.5 dB. ; balun loads, R mental unbalance input VSWR 
The physically simple microstrip balun eliminates (ohms) for one-octave for: 

the connection problem inherent in coaxial designs: bandwidth 


physical variances that breed standing waves and 
unbalance. Microstripping the transmission lines al- 


Ad@(°) AMAG 960-1215 One-oc- 
(dB) MHz tave 


lows a designer to choose any value of characteristic band- 

impedance of the lines. Consequently, the microstrip width 

balun is both more manageable and more controllable. Coaxial | 25 3 O02  1.15:1  1.6:1 
Since the balun load impedance will vary with (Design 1) . 

frequency, the best results will be obtained by simul- Coaxial II 6.25 1 02  1.15:1  1.6:1 

taneously optimizing the balun parameters with those (Design 2) : 

of the matching network. The transistor’s internal Microstrip 25 1.5 0.2 1.20:11.8:1 


prematching network must be considered.ee (Design 3) 
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150 WATT LINEAR AMPLIFIER 2 TO 28 MHz, 13.5 VOLT D.C. 


This application note describes the design of a push-pull linear 150 W solid state power amplifier intended for SSB 
transmitter applications. 
The broadband amplifier operates directly from a 13.5 V DC source and covers the 2 — 28 MHz band. 


The circuit calculation, the major performance characteristics and the complete. construction. details are presented. 
Devices used : Two PT 9784/A. 


—410nF Cy, 470 pF 
: 0+ Vcc 


Figure 1. Broadband Push-Pull Amplifier 


1. — BASIC AMPLIFIER SPECIFICATION 


Veg = 13.5 VV 

Bandwidth : 2 to 28 MHz 

Pgain at 150 W: 15 + 1.3dB 

IMD at 28 MHz and 150 W PEP < — 30dB 
INPUT VSWR < 1.6: 1 


2. — GENERAL DESIGN CONSIDERATION 


The principal aims were : 
— employ a relatively simple solution permitting us to obtain optimal performance from two PT 9784/A, 


— use components available on European market. 


In order to comply with our self imposed criteria, we chose a push-pull ‘configuration to improve even harmonic 
suppression and to simplify. the matching problems due to very low input and output transistor impedances. 
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In push- -pull configuration, the transistor input or output impedances are in series, making the required transformation 
ratio one quarter of that required for parallel operation. 
We also chose a ferrite manufacturer whose product is freely available on the European market. 


The circuit calculation was made as follows : 

— choice of the input and output transformer Fane; | 
— choice of the transformer type, 

— estimation of the transformer volumes, 

— calculation of the transformer compensation, 


— calculation of an input network between the input transformer and the transistors to match 2 Zin to 3 Q and to 
stabilize the gain- -frequency characteristic. 


The figure 2 shows the schematic of the amplifier. 


IPUT ae 
G > : | : Matching | PT 9784 | 3 Spc , 
Compensed i. Compensed) | OUTPUT 
Input) | 1 - Output 
| i Transformer] 
Ti ; Ts 


sation | PT 9784 


Figure 2. Block Diagram of Broadband Amplifier 


3. — IMPEDANCE TRANSFORMATION CHOICE 


3. — 1. Input voltage transformation ratio 


Zin = R + JX (Q) typical values : 


In sider to obtain a good match at high frequency, we consider Zin at 25 MHz. The real part at this pequency is 
1.5 Q, which means for a push-pull configuration the real part is 3 Q between the two bases. 


The voltage ‘anstonnac on ratio is determined by : 


_[ 50 es 
= —24 Nin = 4 
V5 w= 4 | 
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3. — 2. Output voltage transformation ratio 


- The transistor equivalent output circuit is : 
With : | 
Co = 270 pF 


_ (Veo = Vea)? 


R 
2 P, 


Where : 
ee Lipoly Voltage 19.5 vue 3. Transistor Output Equivalent Circuit | 
| V.at 2 RF saturation voltage = 1.0 V 

P, : Output power for one transistor = 75 W 


Re = 1.1 Q. 


. rue output transformer matches 2 Z,,, to 50 Q for push-pull configuration. The voltage transformation ratio is defined 
y: . . 
m ee 4.7 } 5 
n = ee, 7 ~ 
2.2 
In fact we found empirically that the best ratio is n = 4. 


Nou = 4 


4. — TRANSFORMER TYPES USED 


Since the input and output voltage transformation ratios are 4, we can use the small pratical transformer show by 
figures 4 and 5. 


The low impedance winding always consists of one turn, which limits the available impedance transformation ratio 


to 1, 4, 9... , 
Ferrite core 
A 
- B 
A B 
1 turn ’ 4 turns . ye 
' 4 turns 
threaded 
A’ . B’ 8 through 
shorted tubing 
tube ends 


Figure 4. Transformer Circuit — 


brass tube 


Figure 5. Transformer Construction 
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5. — TRANSFORMER VOLUME ESTIMATION 
Toroid dimensions. 


5. — 1. Output transformer | | i | Sai 


Ferrite used : 4 C 6 material made by RTC. 
Reference : Tore 14/9/5—4C6 
4322 020 97 180 


u, = 120 + 20% 


Figure 6. Output Ferrite Toroid 


The primary inductance can be calculated with the following formula : 


Ss 
L, = Bo Ue n? a. (5-1-1) 


Where : 


L, : inductance (H) 
Uo =471077 
u, : Relative permeability 
s: ferrite cross section (m7) 
]: average lenght of the lines force (m) 
n: number of turns. 


The value of L, must be chosen high, but not higher than really necessary, because otherwise the performance at the 
high end of the band will be degraded. 


We take : 
| 2xL,Fmin~3R 

in which : 

R : load impedance = 50Q . 

F mini = 2 MHz 

150 
>" De2ioe  /*eH 
The ferrite cross section is : | 
S = Nh ( . ) 


in which N is the number of toroids. 


S=N5 107225107? = 1.25 1075 N (m2) 


From 5 — 1 — 1 we can calculate N : 


L,I _ 121076 36.1 107? 


PA 
Bon? 1.2510°5 4210-7120 16 12.6 105 


N = 14 toroids. | 


In fact we use 16 cores, which gives : 


Lp=13.7%H and S§=2107* (m?) 


ie] 
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The highest toroid losses occur in this case at 2 MHz under large signal conditions. RTC give the power loss density, 
i.e. the power loss related to the unit of volume versus the maximum induction and the frequency. The maximum 


A . : 
induction B can be calculated with the following formula : 


(5-1-2) 


in which : : 
: maximum induction (T) _ 


_: ferrite cross section (m7) 
: number of turns 


n<> 3>Mm> 


: maximum value of voltage accross n turns (V) 
i frequency ae: 


hee cae 
V is given by: 


of) Epes = J2P, Rp (6-1-3) 
where : | | 
{+ Py: output power fs 
(. RL = 509 a 
V = /215050=1225V 
Ree 4206 


~ -92210°210°*4 


=1.2107?7T 
for B = 12 mT and F = 2 MHz the power loss density is 2 107 mW.cm~°*. — 
The ferrite volume is : 

ot ges af ae : 
ae (D? — d*) hN = ie (142 — 97) 516107? = 7.2 cm® | 
This gives a loss « . 


| a eee Chae 
= 2107 7.2 = 1440 mWor- =1% 
a=210 ne weliee 150 % | 


This 0.05 dB loss in the ferrite is acceptable. _ 


Toroid dimensions. 


5. — 2. Input transformer 


Ferrite used : 4 C 6 material made by RTC 
Reference : Tore 9/6/3-—4C6 
4322 020 97170 


uv, = 120 + 20% 


Figure 7. Input Ferrite Toroid 


In order to reduce the transformer dimensions we use a transformer with a primary inductance at 2 MHz given by: » 
«Onl, Fminix R,  — (5-2-1) _— where R, = 50 0 


this inductance is compensated at low frequencies by the following circuit (figure 8): 
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Smith chart: 


tra nsformer 


Figure 8. Low Frequency Compensation Circuit 


From 5-2-1: 


The ferrite cross section S is : 


D—d 
2 


S=N h =N1.5 107° 3 1073 = 4.5 N 107 (m?) 
where ‘N is the number of toroids. 


The average length of the line force lis: 


D+d 
l=n 5 = 77.5107? = 23.6 1073 (m) 
N can be calculated from 5-1-1 : | 
ie L,I _ 4107 23.6 1073 
Yon? 4510-© 4210771201645 10-° 


N = 8.7 ~ 9. 


In fact we use | N= 10 | toroids, which means : 


L, = 4.6 uH | 


By using the same reasoning and formula as the output transformer : 


P,, ~ 3 Wat 2 MHz 
V= /2P, R= J2 3-60 =173V 
f 17.3 


A 
ee 2xFSn 27210°4510°°4 


= 7.61073 T 


i. | a 
for B = 8 mT and F = 2 MHz the power loss density is 70 mW.cm7 ?. 
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The ferrite volume is: 


v= = (0? —d?) hN == (9-6 3101072 =1 cm? 
This gives a loss «: 


| 70 
a=70x1= 70 mW or 5 = 2:3: % 


This 0.1 dB loss in the ferrite is acceptable. 


6. — OUTPUT CIRCUIT 


Figure 10 shows the RF equivalent output circuit: 


— Resistor AA, capacitor AA and inductor BB are the equivalent circuit to 2 Zout in series. 
— Capacitor CC, capacitor EE and inductor FF are the transformer HF compensation. 
— Capacitor FF is for low frequency compensation. 
— The transformer is a black box described by its S-parameters. 
The compensation elements are optimized with the aid of an analysis and optimization computer programme 
COMPACT. 
Figure 11 shows the programme with final values and the final analysis: 


The maximum output VSWR is lower than 1.6: |. 


ELEMENTS ~ CALC. VALUE | EMPIRICAL VALUE 


CAP (pF) | 1474 | | 1000 + 100/700" — 


CAP (pF) : 136 | 20/100" 
IND (nH) | 256 | 
CAP (pF) | 2993 


variable capacitor. 


7 


Transformer 
(TWO DD) 


Figure 10. RF Equivalent Output Circuit 
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OUTPUT CIRCUIT 


COMPACT PROGRAM 


PRC AA SE _— 3.000 135.0 
IND BB SE .5000 
CAP CC PA — 1474. 


TWO DD S1 — 50.00 | DEFINITIONS + INTERCONNECTIONS 

CAP EE PA— 136.0 : ing 

SLC FF SE — 251.4 — 2993. | THE ELEMENT VALUES ARE THE FINAL VALUES 
CAX AA FF | | | 

PRI AA @&R_- 50.00 

END 


ae 10 15 20 25 30 FREQUENCY (MHz) 
END 


909 176.5 409 26 390 20.5 .881 57.5 

884 177 .449 9.5 435 10 877 = =23 

884 176 .458 2 4.439 2 865 9 

..877 174.5 .460 — 2.5 .437 — 1.5 .858 POLAR S-PARAMETERS FOR 

884 173 453 — 6 439— 4  .871 — 0.5 THE TRANSFORMER (TW DD) 

885 172 453 — 8 437 — 65 870 — 4 

886 170 456 —-10 432— 9 .867 — 8 

END 

1 

0100 OPTIMIZATION DATA 

END 

4x UTPUT REFL. COEF. AND VSWR IN 50. 2 HM SYSTEM WITH ~ 0.0.HM SOURCE 

RHO RET L/G | 

F (MHZ) (MAGN. < ANGLE) VSWR (DB) Z(R + JX) GOHM 
2.000 0.107 — 167.8 1.24: 1 — 19.08 40.46 — 1.85 
5.000 0.051 — 241 1.11:1 — 25.79 54.86 2.31 

10.000 0.053 59.3 1.1131 — 25.57 52.54 4.77 

15.000 0.076 52.0 1.16: 1 — 22.44 54.46 6.52 

20.000 0.107 27.5 1.24: 1 — 19.41 60.15 6.02 

25.000 0.047 — 98 1.10: 1 — 26.62 54.81 — 0.88 

1.60: 1 — 12.68 32.60 — 8.30 


30.000 0.232 — 148.8 


Figure 11. Final Results — Output Circuit 


7. — INPUT CIRCUIT 


Figure 12 shows the RF equivalent input circuit: 


s IMP JJ is the two transistor input impedances in series, 
_— inductor AA and capacitor BB are for transformer compensation at low frequency, 
— capacitor DD is for high frequency transformer compensation, 
— circuits EE, FF, GG and HH have two functions : 
@ form a selective attenuator with 3 Q input impedance to stabilize the gain-frequency characteristic ; 


@ match the two transistors input impedance which are in series to 3 Q, with the minimum of loss at the highest 
frequency. 


Figure 13 shows the programme with final values and the final analysis: the maximum input VSWR is lower than 
1.6:1. 
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ELEMENTS CAL. VALUE EMPIRICAL VALUE 


IND (nH) : : 5732 | 4000 
CAP (pF) nr ae 4680 
CAP (pF) a) ~~ 2000 
RES (Q) a) ae 10 
IND (nH) agg 200 
RES (1) a | oe 12 
CAP (pF) ar. ee 

RES (Q) ae 7.2 

IND (nH) 93,3 

RES (Q) 6.8 

IND (nH) _ 

CAP (pF) 


Se 


Transformer 
(TWO CC) 


Figure 12. RF Equivalent Input Circuit 


INPUT CIRCUIT 


COMPACT PROGRAM 


IND AA PA — 5732. | 
CAP BB SE — 1294. DEFINITIONS + INTERCONNECTIONS 
TWSX’ CC Si 50.00 


CAP DD PA — 1146. 3 , | THE ELEMENT VALUES 
SRL FE PA — 13.43 — 189.0 ARE THE FINAL VALUES 
PRC FF SE —1.325 —.3335E+ 05 

SRL GG PA — 7.161 — 93.26 | 

SRX HH PA — 6.817 — 01.50 — 3040. 

IMP Il SE 

CAX AA II 

PRI AA IR 50.00 

END | | _ 

2510 15 20 25 30 7 FREQUENCY (MHz) 
END | | | 


MOTOROLA RF DEVICE DATA 


7-275 


AN1035 


917 87.5 


321 — 139 
A414 — 161 
430 — 172 
437 — 176 
439 — 179 


337 — 139 
428 — 161 
452 — 172 
453 — 177 
455 180 


949 176 

909 177 -POLAR S-PARAMETERS FOR 
891 176 THE TRANSFORMER (TW CC) 
883 172 

883 175 


854 25 441 178 452 177 (884 174 
852 0 .445 175 .443 175 (885 174 


END 

30 —16 

16 —22 

10 —15 2 ZIN IN SERIES R + JX (Q) 

6 —10 

4 — 8 

3 — 7 

24— 6 

END 

1 , | 

0100 OPTIMIZATION DATA 

END 

INPUT  REFL. C@EF. AND VSWR IN 50. &HM SYSTEM WITH 0.0 &HM LAD 
RH RET L/G 

F (MHZ) (MAGN<ANGLE) VSWR (DB) Z(R + JX) BHM 

2.000 0.129 — 93.6 1.30: 1 — 17.79 47.60 — 12.46 

5.000 0.186 55.7 1.46 : 1 — 14.60 58.51 13.64 

10.000 0.108 45.6 1.24:1 — 19.36 57.41 8.93 

15.000 0.248 74.0 1.66 : 1 — 12.10 50.76 25.80 

20.000 0.083 48.6 1.18: 1 — 21.66 55.32 6.91 

25.000 0.054 87.5 1.1121 — 25.33 49.95 5.42 

30.000 0.115 159.0 1.26: 1 — 18.78 3.35 


40.18 


Figure 13. Final Results — Input Circuit 


- 8. — BIAS CIRCUIT 


The transistors which heat up during operation, need a thermally compensated bias current. 


The circuit used is an emitter follower giving a low output resistance, in which the base voltage is fixed through 
a thermally variable component : a diode. 


The diode is thermally connected with the heatsink (D2). 
D1 is needed to compensate the VBE of the transistor. 


Figure 14. Bias Circuit 


With the potentiometer, we adjust the current through the diodes, changing the voltage accross them. | 
We could have made a more sophisticated circuit, but this one is enough for our purpose. 
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9. — AMPLIFIER PERFORMANCE 


The test set up used is the following (figure 15): . 
Milli Wattm. [fr Power Supply 
HP 435 / 


| milli Wattm. 
HP. 435 
+ 8482 


power 
| generator 


SSB 
| power 
| generator 


Figure 15. Test Set Up | OO — 


Spectrum Analyser 
HP 141 + 8553 
+ 8552. 


The performance is given in the following figures : 


Power output versus frequency | 1 Figure 16 
Input VSWR versus frequency - : Figure 17 
IMD versus power output | : : Figure 18 
Gain output versus power input and frequency : Figure 19 


2 5 10 15 20 25 2830 MHz 


Figure 16. Power Output versus Frequency Figure 17. Input VSWR versus Frequency 
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F = 28 MHz 
leg ='200 mA\ | 


Peat 
W. 


Figure 18. IMD versus Output Power . 


10. — TECHNOLOGY AND LAYOUT CONSIDERATIONS _ 


Figure 20. Amplifier Schematic 


COMPONENTS PART LIST 


CAPACITORS | | | RESISTORS 

C 1 1000 pF + 560 pF R 1 10 Q made by 20 2 + 20 Q', W in parallel 
Cc 2 1000 pF + 1000 pF R2 5.5 QO made by 10 2 + 12 O% win parallel 
C3  47nF+10nF R3 0.6 Q made by 1.2 Q + 1.2 Q1/ Win parallel 
C 4 47 nF + 10 nF R4 0.6 Q made by 1.2 2 + 1.2 O14 W in parallel 
C 5 3300 pF R 5 430Q1/2W 

C 6 ARCO 469 170 — 780 pF R6 15K Q4W 

C 7 1000 pF Mica P 1 2KQ 

Cc 8 ARCO 423 7 — 100 pF . 

C 9 - 4700 pF _ SEMICONDUCTORS. 

C10 £O1uF . 

C11 2200 pF D1 1N 4002 

C12 0.1 uF | D2 F 12 metallic case (cathode to case) 

S ; i He | | ai PT 9784/A | 

C15 470 2 F/25V aa Bb ee 
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INDUCTORS 
Li 15 turns 0.5 mm wire wound on a ferrite core same as 8 used for T1 
12 6 turns @ 7 mm 0.8 mm wire 
L3 4 turns @ 7 mm 1mm wire - 
L4 4turns @ 6 mm 0.8 mm wire 6 mm length | 
L5 4turns@ 8mm 1.4 mmwire © 9mm length 
| o | 1 » H molded choke | 
i 


10 turns 1.4 mm wire wound on a ferrite core same as used for T 2. 


TRANSFORMERS _ 


Refer to Figure 22 for complete view of the transformers. 


T 1 


deol : 2 times 5 ferrite cores 9 x 6 x 3 mm yp, = 120 material 4 C 6 reference RTC 4322 020 97170, on 2 
; brass tubes @ 5 mm, 22 mm feng, with a 10 x 20 mm PCB piece on. each. ‘side e (gue ae 


SECONDARY : 4 turns of 0.5 mm? insulated wire wound through the 2 brass tubes. 


T2 


PRIMARY _ : 2 times 8 ferrite cores 14 x 9 x 5mmyu, = 120 material 4 C 6 reference RTC 4322 020 97180 on 2 
brass tubes @ 8 mm, 49 mm lenght, with a 15 x 30 mm PCB piece on each side (figure 23). 


SECONDARY : 4 turns of 1.8 mm? insulated wire wound through the 2 brass tubes. 


+ Veco. 


000 


Trp 
aaa 
bd 
be} 


© 
nN 


2 
— 


Figure 21. Component Layout 
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2 PCB pieces 


n turns of isolated wire 
wounded into the brass tubes 


20 


VOLO 
L/L 
| WE Mis 


TUE 
Mid 


_ Figure 22. Input Transformer 


PARTS A AND B FOR T2 (OUTPUT) 


_ Figure 24. Photo of Completed Amplifier 
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| Figure 25. Printed Circuit (Not to Scale) 


| | : MOTOROLA RF DEVICE DATA. — 


7-281 


AN1036 


1.5 W— 20 dB — 400-512 MHz 


| ‘ Figure 1. Photo of Completed Amplifier 
Introduction 2 . z _— - ue . 
For portable FM equipment, it is necessary to design RF power amplifiers supplied by low voltage batteries. The 
typical voltages used are 7.5 V to 9.6 V. Output power required is about 1.5 watts out of the amplifier. The most 


important problem is to provide very good efficiency in order to have a longer battery operating time. Small size 
is also required. a ee ee ae ee ee 


General design considerations 


The design of a broadband power amplifier that will operate from a 75 V source and provide 1.5 W output with 50 % 
typical efficiency requires that careful attention be paid to impedance matching. 


Performance constraints : 


Vec =7.5V. wnat es a 

Pou = 1.5 watts min. with 20 dB gain. | 
Frequency range = 400-512 MHz broadband. 
Efficiency = 40 % min. 45 %.to 50 % typical. 
Input return loss = — 10 dB max.. SR as 
Input and output load impedance = 50 ohms. 


TRW’‘s new 7.5 V transistor family offers the capability of meeting this specification with only 2 stages. 


7.5V 
10 mW 1.5 W 
50 1) [sc Q 
TP 251 TP 252 
Looking at the TP 251 data sheet we can = that the real part of the output impedance is ~ 50 ohms for 175 mW 


output. 


For this reason we have taken the approach of designing the matching networks around each device such that each 
transistor is matched 50 Q in/50 Q out. This gives us the added advantage that, during early design, each stage may 
be looked at on an individual basis. 


10 mw 175 mW 1.5 W 
| 7 sou] . 50.1] 500| 50 uf 


Analysis and optimization of circuits was made by computer (compact program). 
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Example of calculation 


Since it is necessary to have a very good efficiency, as one example, we will describe the design of the eutput mat- 
ching for the final stage TP 252. 


The TP 252 data sheet gives us : 


- Frequency Zour (Q) | ‘ 
400 MHz P75. Vee HBV 
470 MHz 11—j6 


520 MHz 10—j45 P,,=15W 


In order to facilitate easy connection of the transistor collector lead to the circuit, it is necessary to start ah a short 


length of line with sufficient width. For this reason a stripline L,, (Z) = 25 Q, | = 4 mm for er = 1) is connected _ 
‘at the output of the TP 252 (fig. 2). The resulting transformation of the output impedance is. the following : 7 
f 400 MHz a 12.75 —j 6.82 (Q) | 
fo 470 MHz |  Z= 10.81 —j 5.15 (Q) 
at 520 MHz. ks 9.86 --1 5.85 2 Or 
After sain to -o = 70 Oo (We have chosen 70: ohms transmission line i in order to ‘realize a small | mechanical ie OE oe 
size). Fig. 2 Cs ee a es an ae 
f° 400MHz ——sCO.18—j01 424 +j 936 : : | : ee ee 
fo 470 MHz z,=015—j0.07. or y,=530+j251 with. Yo=— 0. 
i sae bie |  014—j005 © 6.31 ree ee es, 7 | 


lf we connect in arailel an admittance value — j 2.51 this. improves the: real impedance at fo. . ae 
The Smith chart shows ils is porsiPle using a line Lie (Z5 = 0.0 1 =.0.06 A) connected | in. parallel and with short Sone 
circuit termination - fig. 3 eae ea ; | as oe 


1.60 —j 4941 
Y2 > Y3 = 1.41 —Jj 2.18 fo 
1.09 —j 2.21 f* 


Admittance Ciy=i 2.18, ¥ = 31 mv (10.5 pF for ii. = 470 MHz) completes the matching toy = 4 ac orZ Z = 502, ae 


| 1.60-—f.0429 4 : 
Y3 > We= 141+ 50 — fo Noes 05 


1.09 + 0.17 ae, 


tel normalization to Zp = - 50 ohms, we can write : ey ae 
£7 = 400 MHz 087+ j0066  — 435—j33(Q) 


fo =470MHz z= 1+j0- of Z,= 50+ 50 (Q).— 
j 9.5 (Q) © 


ft = 520 MHz © 1.25—j0.19 63.5 — 5 9 


The final circuit is the following : 


Li Z=25Q2 +0006 - er=1 
Ui, =70Q2 (1=006 A «= 
Uy, Z=70Q2 1=0.0522 r=4 
FrEF = 470 MHz 


C,, = 10.5 pF 


Figure 2. Output Matching Network 
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Analysis of this circuit by computer gives the following results : 


Output refl. coef. and VSWR in 50. ohm system 


F (MHz) Rho (magn. < angle) VSWR Ret L/G (dB) Z (R + jX) ohm 
400.000 0.067 | 150.2 1.14: 1 — 23.47 44.4 3.0 
470.000 0.002 ~~ 172.2 1.00 : 1 — 53.25 49.8 — 0.0 
- §20.000 0.149 — 37.9 - 44.35:1 — 16.56 | 62.1 — 11.6 
N.B. — « Line Lis is a convenient point to supply the transistor but it is necessary to realize a good RF short cir- 


cuit at this end. 
. | e L,. provides a low load impedance for the transistor at low frequencies (stability)... 
_° *-« The good matching over the frequency range ensures that we acheive optimum efficiency. _ 
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Figure 3. Smith Chart Calculations for Output Matching Network 
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+Vec 
C15 
To | | io T “To 
= C10 
L+4 ; L43 C6 ee 
= 
=F C5 L7 Lg LJ WS 
Cy Ly lp = L 3 | 


@7 Sg ae <@ lia le 
ie Tes i L4 
Dy 


Figure 4. Amplifier Schematic 


List of components 


C, = 27 pF Ceramic 632 RTC D, = 1N 4001 
C, = 8.2 pF Ceramic 632 RTC 

C,; = 18 pF Ceramic 632 RTC 7 | 
C, = 22 pF Ceramic 632 RTC T, = TP 251 TRW 
Cy = Cio = Cyg = Cy3 = Cyg = 1 :F Ceramic 629 RTC T, = TP 252 TRW 
C, = 12 pF Ceramic 632 RTC 

C, =15 DF Ceramic 632 RTC 

C, = Cy = 39 pF Ceramic Chip ATC 

C,, = 10 pF Ceramic Chip ATC 

C,; = 10 nF Ceramic 629 RTC 

Ci, = 10 wF/25 V Electrolytic 


L, = Stripline Z) = 70 ohms 0.061 A 

L, = Stripline Z, = 70 ohms 0.026 A ~ 

L; = Stripline Z, = 50 ohms 0.031 4 

L, = Ls = by) = 0.15 pH Molded Coil 

L, = Stripline Zy = 100 ohms 0. 045 
L, = Stripline Z) = 70 ohms 0.043 A 7 Ferp = 480 MHz 
L, = Stripline Z) = 70 ohms 0.041 A 
L, = Stripline Z7 = 250hms 0.031 A 
Li, = Stripline Z)> = 25 ohms 0.006 A 
7 
7 
5 


L.. = Stripline Z, Oohms 0.064 a 
L,3 = Stripline Z) = 70 ohms - 0.052 A 
L,, = Stripline Z, Qohms 0.009 A 


ll i iol dt te i us 


R, = 510 ohms 1/4 W carbon composition 


R, = 270 ohms 1/4 W carbon composition 
R, = 150 ohms 1/4 W carbon composition 
R, = 10 ohms 1/4 W carbon composition 


Example of realisation with epoxy glass substrate 


(nh = 1/16” and er = 4.1) 


Edge of the PC board must bemetallized and it is necessary 
to locate plated through holes underneath the emitter 
leads of transistors. 


_. Components are mounted on the circuit side. 


+Vcc 


0 1 cm 2 
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Figure 5. Figure 6. 
Gu Power versus Frequency and Input Power Input Power versus Frequency for 1.5 Watts Output 
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Figure 7. Figure 8. 
Efficiency and Harmonic Rejection versus Frequency Output Power versus Frequency and Voltage Supply 
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Figure 9. Input impedance versus Frequency and Input Power . 7 
Stability - 


To improve stability with VSWR at the output, it is necessary to put resistor (R, and R,) between collector and base 
of transistors. In this condition, it is possible to guarantee stability with 3: 1 VSWR all phases. 


BV S Voce < 10V PO to 20 mw 
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SOLID STATE POWER AMPLIFIER 
300 W FM 
88-108 MHz 


Se 


INTRODUCTION 


High efficiency multikilowat FM transmitters with full solid state amplifiers are possible today. The power 
amplifier of these transmitters should be made by multiparalleling of a basic building block amplifier. 
This building block should have a high output power and a high gain, a good collector efficiency, broad- 
band (88-108 MHz) frequency response and a simple, reproducible and reliable circuit design. This 
application note describes an FM building block amplifier that meets the requirements mentioned above 
and that can be successfully incorporated to a number of amplifier architectures. 


The amplifier has been developed with a pair of TP 9383 transistors in push-pull configuration. TP 9383 
is a double diffused silicon epitaxial transistor that makes use of gold metallization and diffused ballast 
resistors for long operationg life and ruggedness. Its basic specifications are : 


Veo = 28V ; y = 75% at 108 MHz and. 150 W output power 


G=9dB Po = 150 W 


DESIGN CONSIDERATIONS 


When designing an FM amplifier the total efficiency must be the first goal. 


Overall efficiency is the combination of good collect efficiency and high gain. To get a good collector 
efficiency the transistors must be operated in class C and the load impedance should match the transis- 
tors output impedance at the operation power level. Class C amplifiers are non-linear units. The harmonic 
content of the output signal of this type of amplifiers can be very high and their power wasted with an 
important reduction in the efficiency. 
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This fact made advantageous the use of balanced amplifiers. ia such circuit arrangement all the even 
harmonic are largely suppressed and the waste of power minimized. Push-pull amplifiers have also the 
additional advantages of connecting in series for RF operation the input and output impedance of the 
2 transistors. That makes considerably easier to match the input and output impedances of the tran- 
sistor pair. However, as the impedance transformation is lower, the. RF Powel losses are Smnaver and 


the. gain and efficiency mgbet 


Another important eonsidemion in the design of an FM amplifier is the ruggedness of the amplifier. 

FM transmitters are often operated 24 hours per day and sometimes remotly controlled and in difficult 

access sites. The operating point of the transistors should be chosen in a conservative way and the 

heat properly evacuated. A thermo switch should be incorporated to the system. The amplifier must 
also be able to withstand output VSWR. Although all transmitters use to incorporate VSWR protection: 
in their interlocky systems, the amplifier must be designed with the capability of supporting VSWR of 

3.1 as a minimum. This point can be very determinent when considering that on a high efficiency circuit 

the collector voltage swing can be close to 3 times the egeco! supply. Nottage: 


CIRCUIT BEscHIETION 


Circuit schematic is given in the Figure 1. At the amplifier input there is a two section balun. The first 
section, L,, consists of a short lenght (~ 4/20) of 50 2 coaxial semirigid cable. The outer conductor 
of the coaxial cable is grounded at the input side and floats at the output. 


The second section of the balun consists of two identical coaxial cables, La and i of the same length 
that L, but with 25 Q characteristic impedance. The ends of these two coaxials are interconnected in 
series at the input side (thus offering 50 Q, impedance to L,) and in parallel at the output of the section. 


The combined balanced impedance will be therefore 12.5 Q at the output of the balun. The input impe- - 
dance of the transistor pair Q, and Q, is transformed to 12.5 Q (2 x 6.25) with the LC network repre- 


sented in the schematic. 


If this balun is well charged by 2 =< 6.25 Q it is well capable of multioctave aperation: However in this 
case the LC network that transform the mpecances of the transistor pair has been optimized ony bet- 


‘ween. 88 and 108 MHz.. 


A similar balun circuit is used at the output of the arblitiee The main difference with the input balun | 
is that the coaxial cables are also used in the collect biasing circuit. Care has been taken with the decou- 
pling of the collect bias in order to avoid low frequency oscillations. The collect impedance is higher 
than the base. mipeoance and therefore the LC output transforming network is very simple, only Lg, Lo 
and C,. 


C10 _ OUT 


eee 4 Fo 
cs a e's 


88-108 MHz; 300 W 28 V 


Lb. R 23 C6 


Figure 1. FM Broadband Power Amplifier 
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COMPONENTS LIST 


C, a = 120 + 80 pF Chip Soper ATC 100 B 

C, 220 pF Chip capacitor ATC 100 B 

C3, C4, C5, C, = 470 pF Chip capacitor ATC 100 B 

Ce. ? = 100 pF Chip capacitor ATC 100 B © 

Cy = 27 pF Chip capacitor ATC 100 B 

C59 Cre: Cu, C14 = 1 000 pF Disc capacitor 

Cir, Cys = 10 nF 

Cy3, Cig, Cyg = 0,1 uF 

Cis: = 1000 EHE(eS V Electrolytic 

L, .= 50 Q coaxial cable @ 3,2 mm (Teflon) L = 110 mm 
Lk = 25 0 coaxial cable @ 3,2 mm (Teflon) L= 110mm 
L, L; = Hair pin : copper foil 18 x 3 mm 0,3 mm thickness 
L,, L; = Line on substrate: 15 x 5mm 

lege bss = Line on substrate : 10 x 5mm 


Lio Ly; == 25 Q coaxial cable @ 5mm (Teflon) L=110mm 


Lio = 50 2 coaxial cable @ 5 mm (Teflon) L = 110 mm 
Lif, = 15 turns 2 8 mm 1,4 mm wire be | 
Rag Boxee: — = 2201/2W- 

R, re =4702W 

Q,; Q, ase TP 9383 


300 W PUSH-PULL FM TP 9383 
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Figure 3. Output Power versus Input Power and Frequency 


Epoxy glass dual side coated 


* Grouding eyelet. 


Figure 2. Component Layout 


Nc, COLLECTOR EFFICIENCY (%) 


90 100 110 
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Figure 4. Gain and Efficiency versus Frequency 


MOTOROLA RF DEVICE DATA 


7-290 


AN1038 


1.2 V, 40-900 Miz BROADBAND AMPLIFIER 
‘WITH THE TP 3400 TRANSISTOR 


INTRODUCTION 


This: application note. describes | a sacle abe: broadband amplifier incorporating the TP 3400 transistor. 

The amplifier will deliver 1.2 V output signal from 40 to 900 MHz at an intermodulation level * of — 60 dB 

_or less. The gain is 9.5 dB + 0.5 dB. Although the amplifier has been designed for MATV use, its sim- 

plicity and versatility vides it suitable for use in many other applications. The: circuit construction is 
stralgit forward and only standard compenents have oer used. 


TP 3400 | 


The TP 3400 is a NPN gold metallized transistor with a transition feuseriey of more than. 3 GHz. The 
transistor is housed in a SOE 200 package. 


The gold metallization process used on the manufacture of this: transistor is Sichlass. nfoviding 
exact finger definition with submicron resolution and avoids the finger scalloping characteristic of all 
etching processes, which eliminates therefore current crowding where metal fingers are necked down. 
Moreover this gold process improves on all the benefits of gels over aluminium regarding electromi- 
gration. 

The TP 3400 also incorporates diffused. ballast resistors. High resistance ballast resistors: are diffused 
directly into the silicon avoiding therefore all the reliability problem: associated with conventional thin. 
film, metal ballast resistors. In addition the P-N diode of the ballast resistor is diffused to avalanche at 
a lower voltage than the transistor, thus protecting effectively the transistor against VSWR or transient 
damage. A diagram illustrating the above mentioned technological eheler ee is cen) in fig. 1: 


DIFFUSED BALLAST RESISTORS VS CONVENTIONAL THIN FILM BALLAST 
WITH ETCHLESS GOLD METALLIZATION ~ RESISTORS WITH ETCHED METALLIZATION 


ETCHLESS 7 CONVENTIONAL ETCHED 
METALLIZATION GOLD METALLIZATION 


THIN FILM BALLAST 
RESISTOR 


(*) Intermodulation measured with a test procedure in accordance with DIN 45004/B. 


Figure 1. Types of Ballast Resistors 
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AMPLIFIER DESIGN 


a) 


b) 


Calculations 


The amplifier eo afiguaticn chosen is given in figure 2. A éonibination of series and shunt feedback 
compensates the frequency gain slope of the transistor. Transmission line inductors are used on the 
shunt feedback network. The resistor in series with the base will improve the input VSWR at the 


cost of some gain, but this gain decrease is partially compensated by the fact that less series feed- 
back is necessary in this way. 


The calculation and optimization of the circuit was carried out with the aid of a computer using the 
COMPACT program. The program, the optimization data and the final expected results are given 


_in table. 1. The expected gain is 9.5 dB plus/minus 0.5 dB, the amplifier is unconditionally stable over 


the required frequency range and input and output impedance matchings could be considered correct. 


Amplifier nesenibly 


Final amplifier is shown in fig. 3. The component values are given in table 2. The amplifier was built 
on standard Epoxy glass double clad printed circuit board and all the components are commonly 
used types. The resistors are carbon- -composition type. Care was taken with all ground returns, made 
by wrapping copper foil between both planes. Plated trough holes may also be used. PC board and 
component layouts are awe) in figures 4 and 5 respectively. 


RESULTS 


Several TP 3400 transistors, covering all the accepted production spread, were used and no sinniticant 
differences in the amplifier performance were recorded. 


‘Input and output matching are given in figures 6 and 7. Gain versus eendeney is given in figure € 8. Itis 
similar.to that calculated. 


Figure 9 shows its behabiour as an MATV amplifier, measured according to the DIN 45004B test pro- 
cedure. The — 60 dB IMD level is attained at 1.2 volt, 75 output. 


INTERMODULATION MEASUREMENT ACCORDING DIN 45004/B 
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Table 1. Compact Program 


MET AA ZZ | | 

CAP AA PA —2.078 | 

TRL BB SE 65.00 — 19.96 1.000 

RES CC SE —12.44 

TRL DD SE __ 65.00 —1835 1.000 

CAP EE PA —2101 © | } 

TWO HH SI 50.00 - 

CAS EE HH 

RES Il PA —6.759 

SER EE Il | 

CAP JJ PA —.8989 | | 

SRL KK PA 35.00 1000. : 

TRL LL SE 65.00 —10.15 1.000 

CAX JJ LL : ee 

CAS EE JJ ; | 

RES MM SE —2047 | | 

TRL NN SE 65.00 — 7.229 1.000 

CAS MM NN 

PAR EE MM , ee: of 

TRL FF. SE 65.00 — 14.60 1.000 — 

CAP. GG PA —.9557 | 

CAX AA GG 

PRI AA SI 50.00 

END 

100 200 300 400 500 600 700 800 900. 

END 33 

61 226 17.8 126 .0200 35 53 320 

73 203 12.9 103 .0282 33 .32 305. 

77 192 9.23 93 .0299 33 .27 297 

75 185 692 84 .0335 33 .27 295 

75.179 515 79 .0335 38 .27 300 

78 174 468 72 .0355 42 .24 300 

‘77.167 3.34 61 .0447 44 27 285 

‘77 163 3.16 56 0473 44 24 290 

END | | 

5 

10 10 1 10 

END 

FREQ. Sit $21 $12 S22 
(MAGN ANGL) (MAGN ANGL) (MAGN ANGL) (MAGN ANGL) 

100.00 0.09 —132 299 157.1 0.139 

200.00 0.11 —140 314 1352 0.139 

300.00 0.13 —152 313 1134 0.136 

400.00 0.15 —166 314 89.7 0.133 

500.00 0.15 166 294 642 0.128 

600.00 0.15 140 315 439 0.126 

700.00 0.15 99 318 200 0.127 

800.00 0.20 51 295 — 68 0.128 

900.00 0.26 18 3.06 —293 0.128 


| 


FREQUENCY (MHz) 


CIRCUIT — 
DEFINITION 


POLAR S PARAMETERS - 


FOR TWO HH 


~ (TP 3400) 


OPTIMIZATION 
DATA 


POLAR S-PARAMETERS IN 50.0 OHM SYSTEM 


— 10.7 


2990999900 
AMM OnIWD ODO 
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MM 
2050 : 
650. : 
i OUT 
e— 3 500 
ra : on | 
La 1pH | . | 
Ipt $ 
cae sr opt = SS ie 
94<G< 10.1 dB INPUT VSWR < 1.8: 1 


OUTPUT VSWR < 1.7:1 


Figure 2. TP 3400 Amplifier 40-900 MHz 


Table 2. List of Components 


C. = capacitor ceramic 2.8 pF 632 RTC 
C, = capacitor chip 10 nF Eurofarad 
C; = capacitor chip 8.2 pF Vitramon 
Vy = capacitor chip 2.2 pF Vitramon 
C,, C; = capacitor chip 1 nF Eurofarad 
C,, Cg = capacitor chip 10 nF Eurofarad 
Co = capacitor chip 22 pF Vitramon 
Cio = Capacitor chip 10 nF Eurofarad 
Ci, = Capacitor electrolytic 25 MF 25 V 
Li = 8 turns 5/10 mm Cu ID 2.5mm 
L, = printed 5 nH 
L, = printed stripline 75 ohms 11.5 mm 
Ly = printed stripline 75 ohms 11 mm 
L, = printed stripline 75 ohms 25 mm 
Fy = ferrite bead 1200082 TRW 
R, © -= resistor 12 ohms 1/4 W carbon composition 
R, . = resistor 4.7 ohms 1/4 W carbon composition 
R;, R, = resistor 10 ohms 1/4 W carbon composition 
R, = resistor 8.2 kohms 1/4 W carbon composition 
R, = resistor 240 ohms 1/4 W carbon composition 
R,; = resistor 12 ohms 1/2 W carbon composition 
T = transistor TP 3400 


Board Material 
Epoxy glass (G 10) 1/16 inch E, = 4.2 


cS cé6 CRT OCT CCB @ *Vec 


R5 RG Uh L2 = 
ae OUT 
2), 
R2 RIE) ERe 


Figure 3. Circuit Schematic 
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Epoxy glass (G 10), | 
Double Sided 1 2 30cm 


Re: 
¥ OUTPUT 


+Vec (205V) 


+++ FOIL WRAP OR PLATE AROUND PLANE 
Figure 5. Component Layout 


Figure 4. PC Board Layout (Not to Scale) 
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470-860 MHz 
BROADBAND AMPLIFIER 
5 W 


5 W UHF TV TRANSPOSER AMPLIFIER 
WITH TWO TPV 593 TRANSISTORS 


INTRODUCTION 


This application note describes an ultralinear broadband (470-860 MHz) amplifier, developed for TV 
transposer applications. The amplifier incorporates two TPV 593 transistors. 


Each transistor is used to build a separate broadband amplifier. The two identical amplifiers are later 
combined with 3 dB hybrids. 


The TPV 593 transistor has been developed for TV class A application. It incorporates gold metallization 
and diffused ballast resistors for ruggedness and linearity. Its DC current consumption is very low and 
makes it a good candidate for solar cell powered systems. Its basic specifications are : 

9 dB at 860 MHz 

IMD = — 60 dB at 860 MHz and 2 W output 


G) 
ll 


The S parameters of the TPV 593 are given in the table below. 


POLAR S-PARAMETERS IN 50.0 OHM SYSTEM 


FREQ. S11 S21 42 522 S21 K 

(MAGN ANGL) (MAGN ANGL) (MAGN ANGL) (MAGN ANGL) dB FACT: 
470.00 0.93 170 1.50 63.0 0.040 50.0 0.55 —166 3.52 1.01° 
650.00 0.93 165 1.06 50.0 0.050 54.0 0.60 — 169 0.51 


860.00 0.92 162 0.79 38.0 (0.056 540 0.65 —169 —2.00 1.15 
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POLAR COORDINATES OF SIMULTANEOUS CONJUGATE MATCH 


F SOURCE REFL.. COEFF. LOAD REFL. COEFF. Gmax 
MHz MAGN. ANGLE | MAGN. ANGLE dB 
470.0... 0.99 —173 0.91 124 15.23 
650.0 0.97 —168 0.83 134 12.01 

- 860.0 0.95 —165 0.79 146 9.16 


DESIGN CONSIDERATIONS 


Two. identical single transistor class A amplifiers will be combined with 3 dB couplers. First the design 
of a single amplifier will be considered. 


From the snaWveies of the variation. of the TPV 593 S21 parameter with the frequency it may be seen that 
there is a difference of 5.52 dB between 470:and 860 MHz. If a flat gain is required this gain slope has 
to be compensated. The compensation can be implemented in two ways : 


By placing a selective attenuator at the input of the transistor amplifier, with an insertion loss minimum at 
860 MHz and which increases to 5.52 dB at 470 Mz. The insertion loss increase should compensate the 
transistor gain slope. 


— 


a 


By selective mismatch at the input of the transistor. The input circuit will provide impedance matching at 860 
MHz, in order to get a gain as close as possible to the GA max. Frequency dependent mismatch will compensate 
the gain slope. At 470 MHz a VSWR as high as 11:1 will be necessary. It has been proved that impedance 
mismatch at the base terminal of a transistor power amplifier does not modify the linearity behavior of the 


device. 


As it was decided to combine two amplifiers with 3 dB couplers the method b) was selected. 50 ohms 
3 dB hybrid couplers when used with two identical loads provide a good VSWR at the common termi- 
nal even if the loads differ from 50 ohms. The reflected energy is dissipated as the 50 ohms load connec- 
ted to the fourth terminal of the coupler. The coupler behaves as a selective attenuator. Figure 1 shows 
the amplifier arrangement. The use of a 3 dB coupler to split the input signe) makes almost compulsory 
the use of the same type of circuit at the output. 


b 


— 
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IN 
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lt 
SAGE |] | 
WIRELINE 
3dB Hybrid 


(=70 mm | 


| 

x 
(| 
lt 
I | 
I | 


Figure 1. Block Diagram of Amplifier 


The amplifier must be as linear as possible over the complete UHF band. A transistor power amplifier 
usually requires impedance matching at the collector side for optimum intermodulation. Therefore the 
output circuitry has been designed for impedance matching all over the bands IV and V. 
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COMPONENTS PART LIST 


65 line 11 % g at 860 MHz 


L = 

L, = 5Oline 1.5 % g at 860 MHz 

Le = 50 line 17 % g at 860 MHz | 

be = 7 turns ID 2 mm - Closely Wound - wire 5 mm 
: a 

L, = 10 mm : 5 mm wire 1 mm 

C,-C, = Variable Airtronic AT 7275, .8-4.5 pF 

C, = 6.8 pF ATC 100A 

C.-C, = 10 pF ATC 100A 

CC, = 1nF + 10 nF + 1p + 10 pF 


Board Material: 1/16” Teflon Fiberglass 


CIRCUIT DESCRIPTION 


The circuit of a simple amplifier is given in 
Figure 2. . 


V.-@ = e ia V 
Tel J] 


3 nF 


eee el ouT 


Figure 2. Circuit Schematic 


The input circuit consist of a three section low pass 
type matching network. To minimize power losses 
all the impedance transformations are made at a 
low Q level. Variable capacitor C1 is adjusted for 
optimum VSWR at 860 MHz. The tuning is straight 
forward and only a small retouch is necessary 
after the collector tuning. 


The very constant S22 of the TPV 593 transistor 

_makes extremely simple to match the collector to 
2N 2904 a 50 ohms load. Lg tunes the output capacitance 
of the device and is determined for good matching 
at the low end of the band. Only one low pass 
section is necessary. Capacitor Cs, variable, 
allows a good shaping of the output VSWR. Col- 
lector tuning should be done after tuning the 
input. 


Loo 2W 


V supply VcE 


o VBE 


The bias control circuitry is classical and i is given 
in Figure 3. 


Figure 3. Class A Bias Circuit 
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CONSTRUCTIONAL DETAILS 


The printed circuit board lay-out of the complete amplifier is given in Figure 4. Considerate attention should be 
paid to the ground returns. Plated through holes have been used to ensure iow emitter inductance. Wrapped 
foils ensure proper grounding of parallel capacitors and connectors. 


The couplers have been made with parallel wire cable. 
This solution is as inexpensive as a straight forward. 
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Figure 5. Gain and Return Loss versus Frequency 


IMD, INTERMODULATION DISTORTION (dB) 
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Figure 4. Printed Circuit Board Layout | 


Figure 6. intermodulation Distortion versus Frequency 
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nor 7. a Power versus os Power Figure 8. Vision to Sound Cross Modulation 
f = 470 MHz 
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f = 650 MHz 
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Pout, OUTPUT POWER (W) 


ENC. 
PR 


VISION-SOUND CROSS MODULATION (%) 


Pin INPUTPOWER(W) . * Pout: VISION (W) | 
NOTE: A% of sound carrier (- 7 dB) when vision carrier is switch ON/OFF 
~ MEASUREMENTS © | | 
| The measurements results have been summarized in n Table ay ee 


~ Figure 5 shows the frequency response of the amplifier as well as the input and output match. Figure 6 displays: | 
the linearity (IMD test; -8, —16, —7 dB) of the amplifier. Static transfer curves are given in the Figures 7ands8 - 
; that show also the vision to sound cross modulation of the amplifier. 


Table 2 | - | e TYPICAL RESULTS - | 
BANDWIDTH 470 - 860 MHz IMD : SOUND REF. — 7 dB 
GAIN | [87 dBmin | VISION = REF. — 8 dB 
IMD‘ at— 4W : — $8 dB : SIDEBAND = REF. — 16 dB 
—5W. : — 66 dB a i 

‘INPUT RETURN LOSS : = = | ~— 16 dB 

OUTPUT RETURN LOSS: == = — 17 dB | 

BIAS CONDITIONS _. : Veg = 25 VV: Ie = 2 x 450 mA 


‘CONCLUSION 


A high performance amplifier has been described as an example of the possibilities offered te the desi- 
-gner by the TPV 593. In particular the amplifier combines excellent frequency response and linearity - 
- with high efficient use of the DC power. This circuit may be of interest for output stages. of low pow! 

TV transposers or avers of higher power units. . se 


MOTOROLA RF DEVICE DATA 


7-301 


AR141 


Applying Power MOSFETs in Class D/E RF 
Power Amplifier Design 


Reprinted by permission from RF DESIGN, June, 1985 


issue. ©1985 Cardiff Publishing Co., a subsidiary 


By H.O. Barbe 
Motorola Semiconductor Products, Inc. 


Class D and E are variations of 
switching mode amplifiers which are 
designated in the literature at least up to 
Class S. Switching means that the ampli- 
fying devices are either conducting or 
“open” during each half cycle and the 
switching from one state to the other is 
done as fast as possible. In some systems 
the switching is done at other than the 
carrier frequencies for modulation or 
other purposes. Class D and E usually 
refer to carrier switched amplifiers. and are 
best suited for high frequency applica- 
tions where the rise and fall times of the 
switching waveform are of main impor- 
tance. They are directly adaptable to CW 
or FM, but other types of modulation are 
also possible by pulse width or amplitude 
modulation (1, 2, 3, 4, 5). The theoretical 
aspects have. been well covered by F.H. 
Raab ana N. Sokal in numerous publica- 
tions over the years, and practical low 
power designs have also been shown. 
The author feels that since the evolution 
of the RF power FET, high power 
switching amplifiers can be designed at 
least up to 30 MHz and possibly 50 MHz. 


urrently, Class D or E transmitters are 

marketed at up to 10kW power levels 
for the broadcast band (.55 MHz-1.6 MHz) 
and at 1 kW for shortwave (up to 15 MHz). 
All use power FETs as the switches and 
advertise high efficiency and reliability. 
When the efficiency is higher, the reliabil- 
ity is better since the transistor (FET) die 
operates. at a lower temperature. Efficien- 
cies of at least 70 percent to 80 percent 
in Class D and 80 percent to 90 percent 
in Class E are possible with the present 
RF power FETs at moderate power levels. 
Efficiency in Class D is limited mainly by 
the saturation resistance of the devices 


and the output capacitance. The objec- — 


tive in Class E is to use the device output 
capacitance as part of a tuned circuit, 


of Argus Press Holdings, Inc. 


thus eliminating its effect as a load 


capacitance. In an ideal form it also en- 
sures that the switching voltage and cur- 


. rent waveforms are not overlapping (6, 7). 


An obvious advantage of high efficiency 
is the smaller amount of heat generated 
compared to power output. This results 
in. a smaller heat sink and more compact 


design, leading to smaller output devices 


and reduced cost. An important applica- 
tion of high efficiency ampiifiers is in bat- 
tery powered transmitters, where battery 
lifetimes 25 percent to 30 percent longer 
than Class C should be possible. Another 
advantage is simplified circuit design, 
since interstage matching networks are 
not required, as they are with Class A, B 
and C, where the amplifying devices act 
as Current sources rather than switches. 
From the low level limiter to the PA. the 
power gain can be as high as 40 dB to 
50 dB and the system bandwidth is limited 
only by the response of the output 


transformer or matching network. Assum- 


ing a constant pulse width from the limiter 
on, extremely wide-band amplifiers can 
be designed with no variation in power 


_ gain. Figure 1 shows an estimated power 
level vs. frequency curve of Class D/E 
' feasibility. with today’s technology. _ 
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FIGURE 1. Estimated maximum power 
levels with a push-pull or single end- 
ed Class D/E amplifier based on pres- 
ent technology. 
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Preparing the Carrier Input Signal 
Since the emphasis here is on relatively 
high power levels (up to 300W-400W per 


- push-pull pair), the signal processing cir- 


Cuitry is only designed to operate up to 
50 MHz. At higher frequencies it may be 
desirable to employ single ended designs 
in order to avoid any possible phase 
errors, which become exponentially more 
difficult to control with increasing fre- 
quency. The phase errors can be mini- 
mized in a push-pull circuit by providing 
the PA. input drive through a transformer 
with bandwidth characteristics that will not 


affect the input rise and fall times con- 


siderably. Due to the difficulty in design- 
ing such transformers, which would 
require a bandwidth of one to several hun- 
dred MHz for a 2 MHz to 50 MHz carrier, 
it was decided to create the required 180 
degree out-of-phase signals with ECE in- 
tegrated circuits (Fig. 2). 

The RF drive is first limited in a pair of 
cross coupled hot carrier diodes and then 
in three sections of ECL line receivers 
(MC 10H116). The limiter has’ approx- 
imately 50 dB dynamic range for ampli- 
tude modulated signals such as SSB. A 
peak detector circuit, shown at the upper 
left, was included, although the scope of 
this article is not to describe a modulated 
system. 

The detector was designed to operate 


. at audio frequencies, 300 Hz to 3 kHz, 


with an RF carrier down to 2 MHz. The 
detector output with two-tone RF input is 
shown in Figure 3. 

The output audio envelope can be fed 
to an audio amplifier which can drive an 
emitter-follower or switchmode regulator 
that supplies the Vpp to the Class D PA. 
The principle is to provide the amplitude 
information through this audio chain and 
the phase information through the RF 
chain. They are then combined in the out- 
put stage to provide a restored AM or SSB 
signet This Heghnldue is called HEINE EDS 


AR141 


MBD 701 * 1K 
ot 047 
TO MODULATOR 


50 


—— DETECTOR 


LIMITER es 


SYMMETRY -. 


INTEGRATOR 


oo OPEN 


“5 


‘BUFFER 
DUTY CYCLE 


FIGURE 2. Schematic of the signal processor used i in all the Class D experiments described. If the input is in sine wave, 2, the amplitude 
can vary from .5 to 100 peak to peak. The output duty cycle is independent of the frequency. 


Elimination and Restoration (EER) (2, 3, 


4, 5). Pulsewidth modulation techniques — 


can also be used to amplify AM and SSB 
signals with a Class D amplifier (1); 
however, the technique involves gener- 
ating an inverse sine reference signal at 
the carrier frequency, and:the distortion 
would be directly reflected to the output. 
The finite switching speeds also limit the 
dynamic range in this system. Both pro- 


blems make the pulse width modulation 


technique practical only up to a few MHz. 
In-contrast, distortion in an EER system 
is generated’ only by phase errors bet- 
ween the audio and RF chains (4, 5). 
Although the circuit in Figure 2 is not 
intended for pulse width modulation, a 
provision was made to adjust the pulse 
width manually to allow the power output 


to be varied and to ensure that the PA.. 


drive signals would not be overlapping. 
The objective was to provide a constant 
duty cycle with frequencies anywhere be- 
tween 2 MHz and 50 MHz. This was diffi- 
cult to achieve; and the final result was 
that the frequency was split. into two 
segments: 2-25 MHz and 25-50 MHz. Ad- 
justments in the MC10198 (one shot) tim- 
ing as well as the LM307 and the com- 


parator biases were necessary to cover 


each band. The problem was mainly with 
the limited capacitance range of the 
MVAM108 tuning diodes in the integrator. 
Their capacitance should track the fre- 
quency in order to provide a constant 


amplitude triangular wave output from the 
integrator. It must be pointed out that the 
physical circuit layout-of the integrator is 
Critical for low distortion output. All lead 
lengths should be minimized and else- 
where proper ECL wiring ageunlaues 
should be followed. 

The circuit of Figure 2 was intended to 
be used with a number of Class D PA.s 
studied. It is remotely located from the 
driver and the PA. assembly, and the 
signals between the two are connected by 
twisted wire lines. The pull down resistors 
in the 1010195 outputs are provided only 
for testing purposes, while the termina- 
tions are located at the driver and PA. 
assembly. 


- The Driver _ 


' Because of direct:coupling between the 
stages, each side of the push-pull circuit 
requires its own driver and pre-driver. This 
has the advantage that the high peak cur- 
rent requirement from the driver is divided 


between two circuits, which will be dis- - 
cussed later in detail. For this reason also 


the push-pull configuration was chosen. 
A single ended design would require an 
output FET twice as large, having propor- 
tionally higher gate input capacitance. 
The ECL level limited signal must be 
converted first to a voltage swing of at 
least 2 to 3 volts above-ground to feed the 
driver, which may have a FET or bipolar 
input. The. circuit shown in Figure 4E can 
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be used for this, or 4F, if the ECL is 
operated between ground and +5 volts. 
Alternatively, integrated circuits, such as 
the MC10G125 ECL to TTL converter or 


'MC10177 MOS clock driver, can be used 


for this function, as shown in Figure 5. 
These ICs can be operated with single 
phase inputs as well as two phase. The 


| voltage swing must be increased to 8 to 


10 volts above ground to ensure that the 


PA. FETs will be fully “turned on.” 


Figure 4 gives examples of drivers that 
are fairly simple and can drive heavy 
capacitance loads. Figure 4A is the most 
complex, but it performs well providing 
the devices are correctly selected and the 
gate threshold voltages of Q3 and Q5 are 
equal. Without a load no current should 
flow through Q2 and Q3. The last state- 


‘ment applies to 4B also, if Q2 and Q3 are 


switched correctly. This basic circuit is 
used in the output stages of many TTL 
gates and buffers,.and in integrated form 


the transistor base-emitter. forward and 


saturation voltages can be controlled 
closely. In a discrete form the value of Q1 
emitter resistor must be adjusted accor- 


_ ding to the parameters above. In addition, 


Q3, which is in common emitter config- 
uration, must be of a fine geometry, high 
frequency design to minimize the base- 
emitter: junction stored charge effect. 
Such devices in the NPN polarity are cur- 
rently available in many package config- 
urations. 
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waveform (Fig. 2) with a two tone SSB 
drive signal. This can be used to control 
‘the PA. supply voltage for amplitude 
modulation. - 


Circuits in 4C and 4D are the simplest _ 


and least critical, although both have 
some drawbacks. 4D uses a passive pull 
down, where the resistor value can be 
calculated. for the desired turn off time 
when the voltage and FET- input capaci- 
tances are known. A typical value for a 
50W FET operating at 50 MHz would be 


- around 3 to 4 ohms. The resistor current - 


will be added to the input capacitance 
(C,,,) charge current, requiring a doubled 
current capability from the emitter follower 


(Q2), although the average power dissipat- ~ 


ed is equal to that of circuits with active 
pull down. The complementary emitter 
follower in 4C is probably the most effi- 
cient driver, considering its simplicity. It 
is tolerant against variations in device 
parameters and has the lowest output im- 
pedance if the transistors are properly 

- selected. The only disadvantage is the 
scarcity of high frequency PNP transistors 
with sufficient current capabilities. In all 
Figure 4 circuits the pre-driver (Q,).can 
be a bipolar transistor or a FET depen- 
ding on the exact requirements and the 
input signal amplitude. . 


Power MOSFET HF Switching 
Characteristics . BL fie 0 
At low frequencies the MOSFET gate 
should present a purely capacitive load 
to the driver. In switching applications, 
however, the rise and fall times represent 
a much higher frequency component than 
the fundamental. For example, if at 30 
MHz. carrier 4. nanosecond switching 
times can be tolerated, at 80 percent 
amplitude the 4 ns represents roughly a 
100-.MHz sine wave.. Examining the 
MRF150 Smith Chart (data sheet) and 
converting the information into parallel 
form we find that the input capacitance 
remains a-constant 800 pF up to 150 MHz. 
This is an average value under. biased 
and linear operating conditions, but it in- 
dicates that the wire bond and. package 
inductances have a minimal effect at that 
frequency. For switching applications, 


FIGURE 3. The peak detector output 


FIGURE 4, Various Class D driver configurations. E and F are 


intended for ECL to positive level conversion, while A, B, C.and | 
D are designed to operate from higher voltage inputs to drive 
capacitive loads, such as the FET fates. 


where the FET goes into saturation, the 
input capacitance is more difficult to 
define. + at & 

As shown in Figure 5, the C,,, varies 
with gate and drain voltages. At left (zero 
gate voltage) we can see the value under 
the conditions where the parameter. is 
normally specified. At increased gate 
voltage the capacitance goes down to its 
lowest value, just before reaching the 
threshold voltage. When the FET begins 
to draw drain current, .there is a point 
where the device gain is at its highest 
value. At that time the drain voltage is also 
lowered, resulting in reduction of the 
depletion area and causing an overlap 
between the gate and the bulk material. 
This in turn increases the value of drain 
to gate capacitance (C,,,), which will be 
multiplied further by the gain and 
reflected back to the gate. As a result, a 
sharp peak in the C,,, ‘will occur. When 
the FET is fully saturated, the C,,, settles 
to its value under zero drain voltage and 
positive gate conditions. A similar effect 
is present with -all power MOSFETs to 


some extent depending on their exact 


parameters. The data was taken at 1 MHz 
but is not expected to change consid- 
erably at higher frequencies. 
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Figure 6 shows two input drive wave- 
forms superimposed at 25 MHz repetition 
rate: the driver waveform without a load 
(A) and when loaded by the FET gate (B). 

The notches in B are the result of the 
C,,; peak in both turn on and turn off..In 
low frequency switching applications this 
may not be directly noticeable due to the 
much slower transition times involved. For 
HF, the peak value of the C,,, must 
definitely be taken into. consideration 
when designing the driver. Assuming the 
driver pulse amplitude is 8 volts, the driver 
has a relatively easy task in turning the 
FET on. The C,,, is. low -up to the 
threshold point, approximately 3.5 volts, 
increasing to 4.5 volts. After this,. the 
voltage only has to increase another 3.5 


volts, loaded by the high capacitance. 
‘Since this period falls within the “on” 


cycle of the FET, a slower rise time is of 
lesser importance. In turning the FET off 
the driver must supply the highest current 
at the beginning of the cycle. Its dissipa- 


tion is also at the peak at this point and 


high. until the first 3.5 volts of discharge 
is completed, the load capacitance low- 
ered and the voltage across the driver 
gradually reduced. This is the most critical 


part of the cycle since it can result in a 
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_ FIGURE. 5. Typical TMOS (MRF-150) gate-source capacitance - 
versus gate and drain voltages. All power MOSFETs behave more. 
or less similarly, depending on their die structures, ones 


and electrical parameters. 


delay in the turn off of the FET, causing 
both sides of a push-pull circuit to draw 
current simultaneously for a part of the 
cycle. The delay can be prevented or mini- 
mized by adjusting the driver voltage 
amplitude only to a level necessary to 
switch the output FETs to a full saturation 
and completely off. Any excess voltage 
swing increases the delay and also the 
dissipation in the driver. © 


Considering the complex nature of the 


FET C,,,,.a most realistic figure for the 
required driver output impedance can be 
obtained if it is calculated for the peak 
capacitance value and the gate voltage 
swing between saturation and threshold: 


co ae 
Vo 
Ve 


CxLd= 


where: 

-t = required switching time ans 

C = FET input capacitance at the peak 
(1300 pF). | 

V, = gate voltage at saturation (8V). 
V2 = gate voltage between saturation 
and threshold (4:5V). 


then: 


-4x10-9 -4 
1.3 x 10-9(-82) 1.3 x (-.82) 


= 3.74 ohms 


This translates to 1.2 amperes up to 
where the driver transistors (NPN and 
PNP) must have a linear hee. As stated 
earlier, the 4 ns transition times represent 


‘about a 100 MHz sine wave, which means | 


that an HF beta of 10 would require an f, 
of 1000 MHz for the driver transistors ac- 
-cording to the 6 dB/octave slope (8). The 


DC beta (hg) is not critical but must be 


greater than 10. 


For the complementary emitter follower, | 


the PNP half may be difficult to find with 
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FIGURE 6. Driver output waveleaa at 25 MHz. A without a load. 
. B loaded by the PA. FET gate. Results of the uneven. ‘gate 
__ capacitance. distribution versus gate and drain voltage can pe 


noticed in B. 10 nS and 2V/div. 


the above specifications. In fact, some | 


special units were built for experimental 
purposes using a multiple die similar to 
the 2N5583. The NPN counterpart was an 
MRF630. This combination worked well 
except that heat sinking of the TO- 39 
packages was difficult because of the 
close proximity of the pair, which is 
necessary to minimize all inductances. 


| Output impedance Matching 


In low voltage Class A, B and C designs 
the output impedance matching becomes 
difficult due to the low impedance levels 
involved at 100,.W and higher output 
levels, if broadband operation is required 
at HF. The matching is usually done with 
broadband transformers, of which the 
transmission line types offer the best 
broadband performance. For many appli- 
cations, however, they are considered im- 
practical and bulky in higher than 9:1 or 


_ 16:1 impedance ratios (9). There are other 


transformer types that are more conve- 
nient in physical. aspects. but lack the 


~ bandwidth characteristics. This poses a 


real problem, especially for Class D where 
bandwidths from 1 MHz to 100 MHz or 
higher may be required. A transformer 
type which is fairly good for impedance 
ratios to 25:1 and higher is one where the 
low impedance winding is formed by 
metal tubes inside ferrite sleeves and the 
high impedance widing is threaded 
through the tubes (7, 9). Such a trans- 


former was used in the design of Figure 


7, where the power output specification 


was 100 W, requiring the closest integer | 


of 16:1 impedance ratio. 
Two points in its behavior must be 


noted. 


1. The high leakage inductance of this 
type transformer requires an unusually 
large capacitance for compensation 
limiting the bandwidths. These capaci- 
tances, of which the device output 
capacitance will be a part, are normally 
located across the primary or secondary 


_windings, or both (Figure 7, C, and C,). 


The required compensation can be cal- 
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culated from the measured eatecs in- 
ductance, and the maximum frequency 
will be limited by the device output and 
stray capacitances. At the resonant fre- 
quency the transformer VSWR will be 
1.2:1, increasing to approximately 6:1 an 
octave higher (10). The leakage induc- 
tance can be measured across the secon- 


_ dary with the primary shorted: The con- 


nection inductances must be added to 
this and the maximum tolerable value is: 
: Ri 

nf 


Be 


pete 


L, = Leakage. inductance (uH) 
R_ =Load. impedance (50 ohms) 


f = Maximum frequency (Mhz) 


- In Class D, the limited bandwidth will 
slow down the output rise and fall times. 
Since the transformer acts as a low Q 
resonant circuit, this can be used to place 


_ the amplifier in Class E mode of opera- 


tion by moving the resonance down to the 
carrier frequency, although the Q cannot 
be properly controlled and the oem 
may not be. optimized. 

2. The coupling between the two halves 


_ of the low impedance primary winding is 


only.provided through the secondary and 


is. very poor at higher frequencies due to 
the leakage inductances. If the amplifier 


is designed for voltage switching con- 
figuration, the transformer center tap is 
bypassed to ground. Due to the decreas- 


_ing coupling the effect of the center tap 
-is lost and at higher frequencies the 
~ amplifier will turn into current switching 
~ mode. With these.two configurations the 


drain voltage and current waveforms are 
reversed (7), resulting in- unpredictable 
waveshapes at the between frequencies. 


This will-not affect the amplifier’s effic- 


iency, which theoretically should be equal. 


‘for voltage.and current switching modes, 


but.makes its operation more difficult to” 
analyze. If the transformer is. properly 
designed, eg., the tube diameter. to 
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length ratio is high for increased coup- 
lings and the inductances between the | 


transformer and FET drains are low, 
Satisfactory operation up to 50 MHz is 


possible, depenaing on the impedance & 


ratio in question, 


Efficiency Considerations 
The efficiency of an amplifier is defined 
as the ratio-of DC input power to RF out- 


put power and is usually expressed in | 


percentage. There are three main device 


parameters that affect the efficiency ofa 


Class D amplifier: 

1. Saturation voltage, in some data 
sheets given as saturation resistance, is 
directly proportional to the current and 
more linear with FETs than with bipolar 
transistors due to the tatter’s nonlinear 
diode characteristics. In contrast to the 
bipolar the FET has a highly positive 
temperature coefficient slope (saturation 
voltage increases with temperature), ap- 
proximately 1 percent/°C. The DC value 
starts higher with FETs than with com- 
parable. devices. At RF the saturation vol- 
tage is further increased by the package 
and wire bond inductances and is more 
noticeable with low voltage devices due 
to the low impedances and high current 
levels involved. The RF saturation voltage 
can be more accurately measured than 
calculated. Typical values for MRF140 and 
MRF150, for example, are 1.7 volts and 3.0 
volts, respectively, at 10 amperes and 30 
MHz. From these numbers the efficiency 
can be calculated simply as: 


Vop-V sat 
Voo: 


-2. The switching speed of a transistor 
or a FET is mainly related to its high fre- 
quency characteristics, as discussed 


earlier in the driver paragraph. The. in- | 


ternal capacitances-have a large effect, 
but they in turn are a function of f,, ex- 
cept for small differences between various 
FET structures such as interdigitated and 
overlay or TMOS and VMOS. For compar- 
able geometries the FET has about three 
times higher f, than the BPT. This means 


that some of the low frequency switching. 


_FETs can be used as RF switches up to 
20 MHz to 30 MHz if a low output im- 


pedance driver is provided. In case of a 


sine-wave driving signal (7) the switching 
speed relies totally on the device high fre- 
quency gain and the input signal ampli- 
tude, whereas with a square-wave drive, 
itis affected by the input rise and fall times 
as well. Assuming a linear ramp with no 
distortion, the effect of transition times on 
efficiency can be calculated as: . 


| 360 x sinOs 


On x OS 


where: Os is the phase angle portion of 


a full cycle that the transition time covers. 

3. The device output capacitance, .or 
any external capacitance shunting the 
output, reduces the efficiency of an 
amplifier. This capacitance must be 
charged to nearly twice the supply voltage 


during each cycle, and the power used is ~ 
dissipated in the amplifying device. In nar- 
rowband designs and Class E switching 
~ jt can be tuned out but not completely 


since its value varies with the output 
voltage swing. With power transistors and 
power FETs, the C,, or C,., is usually 
dominant and stray capacitances can be 
disregarded for practical purposes. Their 
values in data sheets are specified at DC 
and at the recommended supply voltage 
for RF, or mostly at 25 volts for LF 
switching. For example, the C,,, for the 
MRF150 is given as 250 pF at 50 volts but 
is higher at lower voltage and increases 


sharply at voltages below 5; thus, for ac- - 


curate calculations a higher C,,, value 
should be used for an average, but it can 
only be obtained from a C,,, vs voltage 
curve. According to the formula in Ref- 
erence 7, (p.446) the power loss for a 
push-pull amplifier is: 


Pe =C,(2 V ots)2(2f) = 8 C, V o2f where: 
P, = Power loss 
= Device output eepeetaiee 


Vent = Vop ae Veat 


f = Frequency 


‘From this we can see that power loss 
depends mostly on supply voltage and on 
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a 


| im 


a 


x 10-3) (692) (30) = 


Capacitance and frequency to a lesser 


degree. The output rise and fall times for 
these calculations are irrelevant since 
they only affect the peak power dissipated 
in charging the load capacitance, the 
average power remaining constant. 

For a pair of MRF150s operating at 50 
volts and a power output of 300 watts the 
power loss would be 8 (250 x 10-12) (47)2 


(30 x 106), considering the worst case at 


30 MHz. (2 x 10-8) (2200) (30) = 132 
watts and the efficiency is: 


300 
1382 + 300 


= 69 percent. 


If the same die (MRF140), with its 450 pF 
output capacitance, were used in a similar 
28 volt system, the efficiency would be (3.6 
75 percent. This is in 
contrast to the belief that a higher supply 
voltage automatically results in higher ef- 
ficiency except when the circuit losses 
become high at very low output imped- 
ances. Considering this, it would seem 
that Class D efficiency is not much bet- 
ter than Class B or Class C, at least at 
higher supply voltages. If we calculate the 
total efficiency, taking all the above fac- 
tors into account, it is only about:60 per- 
cent, However, efficiencies up to 80 per- 
cent have been demonstrated in practice 
in similar systems, using the MRF150s or 
comparable devices. 

It is obvious that load capacitance is the 
one factor that limits amplifier efficiency 
most seriously, unless it can be compen- 
sated for. Assuming a perfect output trans- 
former in a Class D push-pull amplifier, 


OUTPUT 


FIGURE 7. Schematic of Class D push-pull amplifier. ECL integrated circuits are used 


| to provide the 180 out of phase input signal (see Fig. 12). This makes the pulse width 


easy to control compared to Hanstonner coupling. 
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the compensation could be done by in- 
serting a required amount of series induc- 
tance between the drains and the trans- 


_ former primary. This would form a res- 


onant circuit with the device C,,,, limiting 
the bandwidth to some extent, and the ad- 
vantage of the perfect transformer would 
be lost. This inductance can be used and 
sometimes Is used unintentionally to tune 
out the device output capacitance, but 


since the effective C,., varies within the 


RF cycle, total compensation can hardly 
be achieved. Thus, in practical amplifier 


circuits of this type, there is a tradeoff be- 


tween efficiency and bandwidth, which 


also applies to Classes B and C. 


Conclusion 


Commercial Class D and E transmitters 


up to 1 kW and 10 to 15 MHz are on the 
market. The author demonstrated a 1 kW, 
10. MHz amplifier in 1981 (11), which was 
later evaluated by the National Bureau of 
Standards. Other designs since then in- 


clude an.800 W. amplifier at 13.54 MHz | 


with four MRF150 FETs, a 100W unit for 
25 to 50 MHz operating at 12 volts anda 
2 kW, 50. volt system (Fig. 8) which did 
not function as expected. at frequencies 
above 15 MHz. The main problem-was in- 
creasing inductance in the power FET 


‘drain connections to the output trans- 


former. The component physical size un- 


doubtedly places a limit for high power — 


designs of this type, unless. multidimen- 


’ sional constructions can be made 


feasible. 

The importance of the physical layout 
must be emphasized, since it is the key 
to a properly operating system no matter 


- how good the electrical design is. We 


must remember that we are dealing with 
frequency components of 100 MHz and 


higher in a 30. to 50 MHz carrier system,. 


j j B" eh 10 


eu rammgengero0” Some . ——* es, seremen aremansetnd 


where even a 1 nanosecond difference in 


delays between each side of a push-pull 
circuit drive signal will noticeably affect 
efficiency. 

Since high power Class D and E de- 
signs up to 15 MHz with efficiencies far 
exceeding those at Class B have been 


_ shown, the author feels that the frequency 
_ range can be extended to at least 30 MHz 


with proper physical design, leading to . 
high efficiency. linear and other appli- 
cations. © 
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NM any designers of RF equipment 
with vacuum tubes or solid- 
State small signal equipment are not 
familiar with solid-state RF power 


design, and the importance of many 


aspects in developing the hardware. 
It is true .that the same rules 


apply in each case, but the physical | 
construction of RF power circuits is” 


much more critical due to the low 
input impedance levels invoived. The 


importance of these aspects are fre-. 
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Good RF Construction 
Practices and 
_ Techniques 


quency, supply voltage and power 


level dependency. For a given supply — 
impedances are. 
about equal for UHF at 10-15 watts, - 


voltage the input 


VHF at 35-40 watts and HF at 


around 100 watts. This means that 


the impedance levels of properly 
selected devices for each application 
(except the output) are nearly equal, 
but the RF currents are a function of 
the power level. Thus. 
deduced for exampie that equal 
emitter inductances, in common emit- 
ter operation, can be tolerated in 
each case. | | 


Selecting The Device 


RF .power transistors are being 
made for three basic supply volt- 
ages: 12.5V (12-15.5V) for land mobile 
and marine applications: 28V (24-32V) 
and 50V (40-50V) for aircraft, military 
and base stations. The high voitage 
devices have higher collector resistivities 
than the ones designed for low volt- 
age operation, and the emitter ballast 
- resistors have. higher values. De- 
vices designed for high voitage opera- 
tion can be used at lower voltages, 
but not vice-versa. This would result 
in saturation at a lower power level 
than normal, but will give a rugged 
design. An example of this is a high 
level AM modulated amplifier, where 


the breakdown voltages must be high 


enough not to be exceeded by the 
modulation peaks. 


UHF devices havea thinner epitaxial 


layer than parts designed for VHF 
and the same is true from VHF to 
HF. The higher frequency devices 
also use much finer geometries than 
the lower frequency devices, resulting 
in higher f; and higher power. gain. 
It is not recommended in general, 
that a UHF or VHF device be used 
at HF frequencies, except at reduced 


supply voltages and reduced power 


levels. Even then, stability problems 
may be encountered due to the 
high power gain. A 2N3866 is a popular 


it can be 


. Hepreducss with permission Pie ators! 1980 RF Design 


| Categories considered include Device Selection; 


Emitter Inductance; Amplifier Instability; Single, 
Parallel or Push- Pull oom auratus and Thermal 


Design. 


low level driver at HF, but some 
power gain must be sacrificed by 
heavy emitter feedback. Going. the 
opposite way, HF devices are often 
-used at VHF and VHF devices at UHF 
in applications where a low gain 
stage (3-6 dB) is required. Most newer 
RF power transistors are specified 
to withstand infinite load mismatches 
under a variety of operating conditions. 
However, this is providing that the 
maximum total dissipation rating is 


- not exceeded. This can happen if. 


the device goes into self oscillation, 


‘usually a circuit oriented problem. 


The total dissipation is: specified 


under RF conditions, and does not — 
mean that the device can be DC 
biased up to that point at the op- . 


erating voltage, although some devices 
could survive it. All transistors .can 
be used for linear operation providing 


the power output is kept low to avoid | 
' the saturation knee. Devices specified 
for linear operation employ a-much — 
larger die for this reason, and have. 


been specially processed to improve 
the linearity of the transfer curve. 
Other important factors to consider 


are the input Q and matching of 
devices for push-pull or parallel sys- 


tems. The input Q determines. the 


broadband performance of the device, 


especially at the higher frequencies. 
For broadband application a low Q de- 
vice should be selected. The Q is 
primarily determined by the ratio of 
the reactive and resistive components 
(Xs/Rs). The output Q is usually 
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given device, 


circuit 


much ower and is not the limiting 
factor in most cases. Device match- 
ing should -be done on power gain 
for class B and C, and in addition 
on Nee and Vege forward voltage 
for class A and AB. The power gain 
follows the Neg to a great extent as 
long as. the device is not saturated, 


-and-in most instances, at lower fre- 


quencies 10-15 percent hee matching 
is considered sufficient. 


The Emitter Inductance 


For simplicity we will only discuss 
the common emitter amplifier configura- 


tion. It should be realized that in a 
_ common. base circuit, 


the base in- 
ductance is equally critical. To ob- 
tain the maximum power gain of a 
the emitter-to-ground 
inductance must be kept as small as 


possible. This inductance outside the 


transistor consists of the transistor 
lead inductance to ground and the 


impedance of the circuit board ground 


plane. In most good designs it is 
necessary to.employ a double-sided 
board where a continuous 
ground plane is provided at the 
bottom side of the board. This is 
electrically accessible by feed-through 


eyelets or plated-through holes around 
_the transistor mount opening, near 
the emitter area. For even better 


performance, the transistor mount 


~. Opening in the board can be wrapped 
. around with straps of. metal foil, 


connecting areas on the top of the 
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board to the ground plane. To minimize 
the lead inductance, the transistor 
mount opening in the circuit board, 
which is necessary to allow the 
device to be attached to a heat 
sink, should not be made larger 
than necessary for a given package 
type. If the lead inductance is con- 
verted to reactance at the frequency 
of operation, its effect can be com- 
pared to that of an equal value 
resistance between the emitter and 
‘ground. This will allow us to calculate 
the actual gain loss in each case. 

The transistor wire bond and lead 


frame inductance are fixed parameters, — 


and'can only be changed by Select- 
ing a device in the  physicaily 
smallest package that will do the 
job.. Sometimes the same transistor 
die is available in various package 
styles such as the standard .380 
SOE,*..500 SOE, or plastic TO-220. 
For a given die, it would be possible 
to obtain the highest power gain 
out of the .380 style since the internal 
package inductance is lower than in 
the two other cases. Also, the stud- 
mounted packages, although not as 
good thermally as a flange type, 
allows closer access to the ground 
plane, since openings for the flange 
ears in the circuit board are not 
required. 

In a push-pull configuration the 
emitter-to-ground inductance becomes 
non-important, and this path only 
provides the DC supply to the devices. 
Analyzing the push-pull operation 
reveals that the RF current is now 
flowing from emitter to emitter. For 
this reason, the devices should be 
physically mounted as close to each 
other as possible. If this cannot be 
done due to an existing circuit 
layout or other reasons, some im- 
provement can be obtained by connect- 
ing all the emitters together with a 
- wide metal strip over the transistor 
caps. With flange-mounted parts, 
each emitter can be connected to 
the flange using solder lugs or wire 
loops under the mounting screws, 
enabling the heat sink to provide a 
low inductance connection between 
the emitters. For push-pull operation 
at UHF, special eight lead packages 
have been developed, where the two 
transistor die are attached next to 
each other, thus limiting the emitter 
to emitter inductance to that of the 
bonding wires. This is probably the 
Only practical approach to UHF push- 
pull techniques at higher power 
levels. 


Amplifier Instability 


There are many reasons for an 


amplifier stage to reach conditions 


*Stripline Opposed Emitter 


of instability. Sometimes it is device 
oriented, depending upon the amount 
of feedback capacitance compared to 
the electrical size of the device, 
and the phase angle of the feedback. 
Somewhere higher than the operating 
frequency the feedback phase angle 
will be 360°, and if the device Fy is 
high enough, it will oscillate. The 
oscillations may occur only at reduced 
drive levels or reduced supply voitage. 
In most cases it can be remedied 
by lowering the Q of the input 
circuit or making the tank circuit 
Q higher. .. 

The so cailed half Fo instability 
is fairly common with VHF and UHF 
amplifiers. It is more or less device 
oriented and is caused by a varactor 
effect in the base-collector junction 
diode or a combination of it and the 
base-emitter junction diode. The haif 
Fo.usually occurs at reduced supply 
voltages in 12.5V systems, at some 
specific drive level, which indicates 
that when the diode DC bias is re- 
duced, the junction capacitance will 
be increased, and the RF voltage 
swing will drive it into a parametric 
mode. The amplitude of the half Fo 
can be reduced or sometimes totaily 
eliminated by narrowing the system 
bandwidth. 

Another possible cure for both 
problems above is de-Q’ing the base 
bias choke (Class B, C). This can be 
done with a high yw ferrite bead 
in Jine with the choke or an external 
low value resistor in parallel with it. 

Low frequency instability is probably 
the most troublesome mode of self- 
oscillation. It usually occurs at audio 
frequencies or VLF, where the device 
has extremely high power gain. Since 
its oscillation is broadband in nature, 
it results in high collector currents, 
and often the device is destroyed 
by overdissipation. Causes for the 
low frequency instability are usually 
inadequate collector DC feed by- 
passing or an extremely poor ground 
in that area. Two or three RF chokes 
together with various values of by- 
pass capacitors from 1000 pF to several 
uF may be required in the DC line 
to-stabilize the circuit. (See examples 
in Reference 1.) 

Negative feedback through an RLC 
network from the collector to the 
base will reduce the device gain at 
low frequencies, and is found to be 
helpful on many occasions. The above 
modes of instability can be present 
when the amplifier is operated into a 
proper load. In addition, instabilities 
usually occur when operated into a 
mismatched or reactive load. The 
general rule is: The higher the stage 
gain. the less stable it can be 
under these conditions. This naturally 


assumes, that the amplifier is not 
unstable for reasons discussed earlier. 
A reactive load can be present in 
the form of a low-pass filter, and if 
not properly designed, will cause 


amplifier instabilities. A good solution 


to analyze the stability is presented 
in Reference 2. An. amplifier can be 
tested for stability using a load 
mismatch simulator. (Figure 1). 

~L oand C values: will of course 
depend on the frequency of opera- 
tion. Typically C,; and Cy are equal 
and L; has twice the value of Lo. 
The circuit should have. a_ point, 
which presents a complete short 
and a complete open circuit and all 
phase angles between, which.can be 
verified using a vector impedance 
meter. Attenuators can be connected 
between the simulator and the amplifier 
to limit the maximum mismatch. 
For example: A 3 dB attenuator 
would represent 6 dB return loss,. 
limiting the VSWR to 3:1. Similarly 
a 2 dB attenuator would give about 
4.5:1 maximum mismatch. A direc- 
tional coupler and a spectrum analyzer 
can be used to monitor the amplifier 
behavior. Stability under a 3:1 mis- 
match is usually considered sufficient 
for most purposes. 


Single-Ended, 
Parallel or Push-Pull 


Each of the above configurations 
has its own application with re- 
gards to frequency spectrum, band- 
width and power level. A single- 
ended narrow-band amplifier design 
usually produces optimum performance 
of the device. These circuits are 
employed when power gain or other 
information is compiled for a device 
data sheet, or if an amplifier for 
single frequency operation is required. 
Lump constant matching networks 
can be used, up to about 200 MHz 
and stripline designs are common at 
150 MHz and up, and in fact. are 
the most practical design concepts 
at UHF and microwave. With proper 
techniques, it is possible to achieve 
bandwidths of one octave or more. 
Tapered line or step. line approach, 
where the line impedance varies 
exponentially per unit length, or a 
number of quarter wave lines in 
series, having various characteristic 
impedances, is widely used for this 
purpose. A disadvantage is that the 
physical layouts become rather bulky 
at frequencies below 500 MHz, un- 
less substrate material with a high 
dielectric constant is used. (Reference 
a3 
At lower frequencies, up to 100 
MHz, broadband transformer matching 
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techniques are only practical at 40- 
5OW power levels at 12.5V or 90- 
100W levels at higher supply volt- 
ages. The low impedance levels and 
the high RF currents involved, make 
it difficult to adequately by-pass 
the transformer ground returns. 

Between 100 and 200 MHz, broad- 
band designs are difficult to imple- 
ment. Lumped constant matching net- 
works can be used, but since 
several sections in the input and 
output are required, production re- 
peatibility may be poor. The etched 
air line inductors described in Ref- 
erence 4 may be the best solution 
to this problem. 

In the past. it was considered 
poor practice to directly parallel 
transistors in order to obtain higher 
power levels. This was mainly be- 


cause of uneven current sharing 


Figure 1.. 


between the devices. which usually 
led to thermal runaway and destruc- 
tion of one device. However, most 
RF power transistors are now emitter 
ballasted with a built-in resistor for 
each emitter site. This. minimizes 
the problem, but it is also difficult 
to design low loss matching net- 
works for the reduced input and 


Output impedance levels. Thus. the | 


direct paralleling of transistors is 
not recommended in general. Parallel- 
ing may be done in such manner, 
that the input and output impedance 
of each unit are first transformed 
to some intermediate level or directly 
to 100 ohms. where the inputs 
and outputs are then paralleled. The 
best way to generate higher power 
levels with low power transistors is 


to use 50 ohm in-out “building 
blocks’ .of which any number can 
be combined by in-phase. quadrature 
or hybrid couplers. (References 5. 6, 7, 
8.) This also provides isolation be- 
tween the individual amplifier units. 

Push-pull configuration has several 
advantages over single-ended am- 
plifiers: 

1. Even harmonic suppression. 


2. Easier input-output matching due 
to higher impedance levels. 


3. Emitter grounding and collector 
DC feed by-passing less critical. 


4. Automatically combines the powers 
of two devices. os 


A push-pull circuit can be de- 
signed aS a narrow-band system 
using lumped constant elements. or 
using stripline techniques at higher 
frequencies. These circuits are rather 
critical however, and require extreme 
symmetry between each side. A broad- 
band circuit. using RF transformers 
is much more tolerable in this re- 
spect due to the tight coupling pos- 
sible between the transformer wind- 
ings. Push-pull circuits of this type 
have been designed up to 150:-MHz 
or higher, depending on the power 
level and supply voltage. With proper 
transformer design, several octave 
bandwidths can be achieved. Other 
means of designing push-pull circuits 
include: a) A quarter-wave balun to 
provide the unbalanced to balanced 
function and 180° phase shift for two 
single-ended amplifiers, b) Two single- 
ended amplifiers. of which one is fed 
directly, while the other one jis fed 
through a delay line, providing a 180° 
lag in phase at the frequency of 
interest. The same must be done at 
the output. Quarter-wave lines are 
commonly used for this purpose. Both 
a) and b) operate only within a narrow 
bandwidth, since the phase angle 
varies with frequency. The latter method 
is especially adaptable to UHF and 
higher frequencies, where the lines 
will be of moderate length. a) and b) 
also differ from conventional push- 
pull designs, discussed earlier, in 
that the phase shifting is done at the 
50 ohm impedance levels rather than 
at the base and collector directly. 
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Thermal Considerations 


On the reliability viewpoint. it: is 


‘important that the transistor die 
temperature is kept below a certain 


limit. This varies slightly with dif- 
ferent geometries, but 160-165°C is 
usually considered the maximum rec- 
ommended. Take the MRF422 as an 
example, which has a junction-to-case 
thermal resistance (Ro jc) of 0.6°C/W. 
lf the transistor is operated at 150W 


‘dissipation, the case temperature 


should not exceed: (Tj —(PpReyjc) = 
165 — (150X0.6) = 75°C. The Rojo num- 
ber published in data sheets is an 
average, and actually varies with power 
dissipation (Reference 9). Considering 
the thermal resistance of the heat 
sink, which most manufacturers specify 
as from the mounting surface to 
ambient, but do not ‘specify the 
mounting suface area, the heat sink 
ambient temperature must be con- 
siderably cooler than 75°C. Thus, 
the Rojc of a heat sink actually 
depends on the transistor package 
style. An aluminum heat. sink with 
surface thickness of 0.25” was tested. 
Its temperature was measured three 
inches from the transistor, which was 
mounted directly on the surface. The 
temperature was kept at 25°C with 
forced air cooling. With the 150W 
dissipation the transistor case tem- 
perature rose to 72°C. The case to 
ambient temperature then is: 


ATsq 72-25 
= —— = 0.31°C/W. 
Pd 150 


The die temperature is Ty -— (Tc - 
Tc’) = 165 -— (75 — 72) = 162°C. The 
Same measurement was done using a 
copper block of 2” x 2” x 0.125” 
as a heat spreader under the transistor. 
The case temperature was measured 
at 58°C, and the thermal resistance 


decreased to (658 — 25/150 = 0.22°CMW, 


and the die temperature was lowered 
to 148°C. The 150W’ dissipation is 
hardly realistic under normal operating 
conditions. but can be reached during 
a load mismatch. Regarding the above 
data, more attention should be paid 
to the heat sink material and not 
only its size. Cc 


S ince their introduction in the 
mid-70s, power MOSFETs have 
found major use in switching power 
supplies and in motor control cir- 
cuits. More recently, however, they 
are being considered more and more 
for use aS RF power amplifiers be- 
cause they offer certain advantages 
over bipolar transistors. These 
advantages include higher input 
impedance (in all circuit configura- 
tions), gain control by varying the 
Dc gate voltage bias, and immunity 
to thermal runaway. They do have 
some disadvantages, though — 
probably the biggest is their higher 
‘cost. Other disadvantages of MOS- 
FETs include a higher saturation 
voltage than bipolars and their sus- 
ceptibility to gate punch-through. 


RF.and switching MOSFETs differ 

Power MOSFETs made for RF ap- 
plications. differ in a number of 
ways from those made for switch- 


ing applications. For example, RF — 


power MOSFETs usually have much 
finer die geometries than switching 
MOSFETs. Also, their die metalliza- 
tion pattern is divided into a num- 
ber of segments, with each segment 
having separate gate and source 
bonding wires. This reduces wire 
bonding inductances and lowers the 
MOS capacitances within the die, 


RF power 
MOSFETs 


While switching type 
MOSFETs gather all the 
acclaim, RF types are 
quietly starting to find 
their niche 


~ Helge Granberg 
Principal Staff Engineer 
Motorola Semiconductor Products 
Phoenix AZ _ _ 


greatly increasing their operating 
frequency capabilities. . 

RF power MOSFETs are generally 
n-channel, enhancement-mode de- 
vices, which means that the drain 
is positive with respect to the source 
and the gate must be biased to a 
positive voltage with respect to the 
source for drain-source current to 
flow. Some other RF devices, such 
as GaAs FETs, are depletion-mode 
devices and must be turned off by a 
negative bias like electron tubes. 

While most designers are very 
familiar with bipolar transistor 
parameters, this isn’t so for power 
MOSFET types. The table, “Compari- 
son of bipolar and power MOSFET 
DC parameters,” explains the vari- 


ous MOSFET parameters and their 


importance to the designer, and re- 
lates them to bipolar parameters. 
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One important Dc parameter not 
listed in the table is thermal sta- 
bility. A MOSFET is almost always 
biased to some level of idle current, 
while the bipolar must be biased for 
linear operation. The forward volt- 
age variations in a base-emitter 
junction are 1 to 2 mV/°C, and al- 
ways have a negative temperature 
coefficient. Gate threshold voltage 
must be measured against a con- 
stant drain current and also has a 
negative coefficient at low current 
levels. However, the material bulk 
resistance of an FET has a positive 
coefficient, which becomes dominant 
at higher current levels. Thus, an 
FET’S pg goes down as temperature © 
goes up. | 


Stabilizing RF transistors 

Looking at bipolar collector and 
MOSFET drain currents versus tem- 
perature at constant base and gate 
voltages (Fig. 2), it can be seen 
that the bipolar transistor has a 
negative coefficient up ‘to high cur- - 
rent levels but the FET ‘‘turns 
around” before the device dissipa-_ 
tion rating is exceeded. Since these 
parameters are hpp, 2rg, and cur- 
rent dependent, it is not easy to pro- | 
vide temperature stabilization for 
biased: devices. For the bipolars, a 
forward-biased diode with suitable 
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UNITY GAIN FREQUENCY (f;) MHz 


DRAIN/COLLECTOR CURRENT, AMPERES 


Fig. 1. Unity gain frequency versus Ic or lo. Curve (a) represents a 150-W RF 
power MOSFET. Curve (c) is a bipolar having the same basic die geometry. 
Curve (b) is a standard switching power MOSFET with approximately equal 
gate periphery for comparison purposes. — 


characteristics kept at or near the 
transistor case temperature is usu- 
ally considered a sufficient bias volt- 
age source. In MOSFETs the required 
voltage can vary by several volts 
and the rate of change can be sev- 
eral times that of a bipolar at low 
drain currents. Thus, the FETs re- 
quire more sophisticated methods 
for their temperature compensa- 
tion. Resistor-thermistor combina- 
tions, together with regulators or 
op amps, are typical of these 
methods. _ 3 

Despite the power MOSFET’s pa- 
rameter and cost-related draw- 
backs, its advantages still make it 
the choice over bipolars in certain 
applications. At VHF and UHF, the 
high gate-input impedance and the 
high power gain of the MOSFET 
make it possible to design broad- 
band amplifiers with simpler input 
matching networks. Since the gate- 
source impedance remains capaci- 
tive to much higher frequencies, it 
makes internal matching networks 
unnecessary at least up to VHF even 
for devices of 100 to 150 W power 
ratings. On the other hand, VHF 
bipolar transistors with power rat- 
ings of 50 W and higher commonly 
employ internal matching networks, 
which means that the first section 


of the total network is built inside 
the device to transform the die 
impedance up to practical levels. 

In general, at frequencies below 
VHF, the input and output matching 
for power FETs and bipolars are 
very similar. Only the network ele- 
ment values differ in most cases. At 
high frequency (2 to 90 MHz), 


‘inn 


i: 
anc 
| | 

ttt 


DRAIN/COLLECTOR CURRENT (NORMALIZED) 


SERV 


where the configuration is mostly 
push-pull, ferrite broadband trans- 
formers or lumped-constant — bal- 
anced LC transformers can be used 
depending on the exact require- 
ments. 

Amplifier circuit configurations 
such as common base (bipolar) and 
common drain (MOSFET) are also 
possible and practical. The common 
base circuit may be useful where 
more constant input impedance-ver- 
sus-frequency or wider gain control 
range with gate voltage is required. 

The “MOSFETs common drain cir- 
cuit configuration represents an 
emitter follower in bipolar circuits. 
Its specific merits are exceptional 
stability and linearity. However, 
these are attained at the cost of 
low power gain and at the danger 
of exceeding the V,. _ 

A MOSFET source follower cannot 
be considered as having current 
gain like an emitter follower. Rather, 
the amplification is achieved through 
impedance transformation. Note 
that the FET gate, which consists 
mostly of MOS capacitance, normal- 
ly presents a high Q input to any 
matching network. This will impair 
the broadband performance and 
stability of the amplifier unless the 
Q is lowered by artificial means. A 


Nee 
Pt AR 
Segue 
LT Al TL 


50 60 70 30 90 100 


CASE TEMPERATURE, °C 


Fig. 2. Collector and drain idle current versus temperature at constant base 
or gate voltages. (a) and (c) represent a bipolar device at collector currents 
of 100 mA and 10 A respectively. (b) and (d) is a power MOSFET at drain 
currents of 100 mA and 10 A respectively. 


MOTOROLA RF DEVICE DATA 


7-312 


AR165S 


Discrete Semiconductors 


gate shunt: resistor, which can. be 
part of the biasing circuit, ‘Serves Ge 


this purpose. 
A more gophisticated method of 


achieving broadband performance — 
and stability is'to employ negative | 


feedback, which can be easily im- 


plemented only in the common 


source configuration. The feedback 


can be brought to the gate through _ 
an RLC network which, in combina-_ 


tion with the shunt resistor, allows 
easier tailoring of the gain slope. 
In each case some power gain will 
be sacrificed, but this can be mini- 
mized at the high frequency end of 
the band (where the power gain is 
the lowest to begin with) by proper 
choice of component values in the 
feedback network. . 

The FET gate should never ig con- 
nected to only inductive reactances 
in an attempt to use the inductance 
to control the gate Q. The Cjgs is 


highly drain-source voltage depend- 


ent and under certain conditions the 
total Q may be high enough to allow 
transients to exceed the V,, thereby 
causing instant device failure. 


Compare linearity and noise 


It’s commonly believed that power 


MOSFETs have more linear transfer 
characteristics than bipolars. This 
is only true if the FET is operated 
at a reduced power level and high 
bias (near-or in class A). Based on 
two-tone linearity tests, the low or- 
der distortion products (3rd, 5th and 
7th) fall faster wlth MOSFETs than 
with bipolars at reduced amplifier 
power outputs. However, FCC 
specifications are relaxed on low 


order distortion — —31dB below the 


transmitter peak power — a figure 
easy to achieve with both types of 
transistors. It’s when it comes to 
high- order distortion — 9th order 


and up — that MOSFETs are superior 


to bipolars (see Fig. 3). 


High-order distortion causes dis- 
turbances to adjacent. communica- . 


tion channels, whereas low-order 


distortion only relates to the qual-_ 


ity of the modulation. High-order 
distortion results from phase: non- 
linearities between the input and 
output, from amplitude nonlineari- 
ties at low drive levels, and from 


: “Equivalent” Parameters 


eid 


- Comparison of bipolar 
and Power MOSFET DC parameter 


Description 


Not specified or measurable with MOSFETs. In case of low gate-source 
leakage, the gate can charge to voltages exceeding the punch-through. 


Normal method of measuring the MOSFET breakdown voltage. It refers 
to the maximum drain to source voltage the FET is allowed with the gate 
DC biased or in the same potential as the source. — . 


Not specified or measurable with MOSFETs. Gate-source rupture voltage 
would be exceeded in case of any drain-source leakage present. 


Not specified or measurable with MOSFETs unless done. carefully at low 
current levels. Gate rupture can be compared to exceeding a capacitor's 
maximum ollage rating. 


BV eso 


Not specfied or necessary in most cases for BPTs. For Sacer this 
parameter determines the turn-on gate voltage and must be known for 
biasing the device. 


Ve 
(forward) 


iY 


Drain-source leakage current with gate shorted tos source. BPT and FET 
"parameters equal and normally only refer to wasted DC power and re- 
liability. ~ 


Normally not given in BPT data sheets, but important for MOSFETs for © 
biasing purposes. Both affect their associated device's long term 
reliability. 


- Not usually given in BPT data sheets but important in certain applica- 
~-tions. With power MOSFETs this parameter is of main importance. The - 
numbers are assumably higher than with EP and are material and die 

geometry dependent. 


These are parameters for low frequency current and voltage gain, |- 
respectively. In a MOSFET the ges is. more an indication of device elec- 
trical size and to a certain extent depends on processing. . 


Unity current or voltage gain frequency. Not given in many of the BPT — 
or MOSFET data sheets. The figure can be two to five times higher for 
the MOSFET for an equivalent basic geometry and electrical size (see 
Fig. 1). -The figure of merit of a MOSFET is usually considered as the | 
ratio of the gate-source capacitance to the Ges, but other parameters | 

such as the Ros (on) have some effect on the figure of merit. . 


- Power gain in common emitter or common source configuration. This . 
parameter is equal for both types of devices, except normally regarded 
as current gain for the BPT and voltage gain for the FET. At lower 
frequencies, where the FET gain is extremely high, the number may be 
merely an indication of how much stable and useable gain is available. 


Base to emitter or gate to source capacitance. Rarely given for BPTs. | 
In RF power FETs thé Ciss has a larger effect on the gate-source imped- 
ance. In fact, if stray inductances from the die metal pattern, wire 
bonds, and package. were absent, the gate impedance would be a pure 
capacitive reactance. The Ciss consists mostly of die MOS capacitance, 
whereas the Cis of BPT is a combination of MOS and diode junction ~ 
capacitance. Since the diode(s) are forward biased during one half 
cycle and reverse biased during the other, it is obvious. that the base 
impedance is largely drive level dependent. - 


Collector to emitter or drain to source capacitance. Both are usually 
specified and are approximately equal in value for a given device rating | 
|. and. voltage - Both are combinations of MOS and diode capacitances. — 
Each effect-the device efficiency since this capacitance must be charged | 
and discharged at the rate of the operating frequency. 


Collector to base or drain to gate capacitance. Rarely specified for 
BPTs. Normally referred to as the feedback capacitance and very im- 
portant for MOSFETs considering their lower gate-source capacitance © 
and superior high frequency performance. At low frequencies Css pro- 
vides a 180° out of phase feedback to the gate, but can turn to positive 

feedback at high frequencies depending on stray inductances and the 

Ciss. The results will be noticed as parasitic oscillations, unless Crss.is | 
‘| low or the resonances fall outside the device’s frequency capabilities. 
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Fig. 3. Typical intermodulation distortion for a bipolar RF transistor (a) and 


7 


for an RF power MOSFET (b). For the bipolar transistor, distortion products 
are visible up to the 15th order; for the MOSFET, 9th order and higher piogess 
are down in the noise. 


woniineay feedback. Most of the 
nonlinear phase and amplitude feed- 
back in the bipolars is delivered 
through the emitters, which are 
coupled to the collectors through di- 


odes and MOS capacitance. The 


emitter ballast. resistors, although 
very low in value, allow enough 
feedback to the emitters to cause 
distortion. These ballast resistors 
in FETs are unnecessary, and the 
source is directly grounded. Thus, 
high-order distortion in a MOSFET 
is only possible through the Cyusg, 
which is very, very low. 

- Much like the high-order distor- 
tion in SSB communications, the 
broadband noise generated in any 
transmitter causes adjacent chan- 
nel interference. The noise can be 
generated by the signal source, mix- 
ers, or any stage in the amplifier 
chain. The noise generated in the 
low level stages is amplified in all 


succeeding stages, and is of most. 


concern. In linear amplifiers, where 
all stages are biased, the bias current 


alone can. generate sufficient noise. 


to block. a nearby receiver. Both 
MOSFETs and bipolars generate ther- 


mal noise, which comes from the 
moving electrons. In addition, the _ 
in bipo- | 


forward-biased diode(s) 
lars generate white noise, which is 
not present in MOSFETs. The two 


types of noise is usually.meas- 


ured together, and since a bipolar 


typically has about three times 
higher noise figure than a compar- 
able FET, it appears that a majority 
of the noise generated comes from 


the base-emitter junction. 


When higher current levels or 
higher amplifier power outputs 
are required than one semiconduc- 
tor device can provide, parallel- 


_ing devices is often the first thing 


that comes to mind. Bipolars are 


often paralleled at Dc and low fre- 
quencies, where their balance can 


be assured with external ballast re- 
sistors. At RF, however, this tech- 
nique can not be used due to 


excessive losses in power gain. In- 
stead the devices must be closely 


matched. At. VHF and UHF, where 
the base impedance is very low and 
mostly inductive in reactance, added 


Fig. 4. In this experimental RF MOS- 
FET four die are connected in paral- 
lel. Chip-type silicon gate resistors’ 


_ are located at the center. 
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inductance in the form of the inter- 
connections would make the design 
of matching networks difficult. So, 
in practical designs, the low imped- 
ance of each device is transformed 
to-a higher level, before the point 
where the parallel connection is 
made. . . 

The above problem is present 
with MOSFETs also, but they are 


more tolerant of gain mismatches 


because of the large amount of 
drain ballasting inherent in their 
structure. The MOSFET’s higher, and 
capacitive, input impedance allows 
direct paralleling of higher power 
devices up to 150 to 200 MHz. How- 
ever, a new problem arises when the 
MOSFETS are paralleled. When MOSs- 
FETs are paralleled directly, a mul- 
tivibrator type oscillator is formed, 

in. which the feedback is derived 
through the Cysg and the time con- 
stant is the cross-coupled Cygg plus 
wire bond and interconnect induc- 
tances in series. This may also 
occur when individual die are par- 
alleled in the same package unless 
the Cisg is low and the resonances 
fall outside the device limits. A 
commonly used cure for these para- 
sitic oscillations is to de-Q all gates 
with series resistors (see Fig. 4) 

but this lowers the frequency re- 
sponse, making this technique im- 
practical for truly high frequency 
applications. CJ 


BUILDING PUSH-PULL. 
MULTIOCTAVE, 
OWER AMPLIF 


ARSOS 


FEA FF UR E 


VHF 
IERS 


By hioniad the right feedback network and wide- 
band transformers, t users will have | a } powerful ge 
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Ba _ WIN FET ae ate | 
the heart ofa unique, push-pull 300- | 

W power amplifier. With a50-V pow- | 

er supply, this broadband amplifier 

is easy to implement, and has. excel- 


lent impedance-matching character- 
istics and low DC-current levels. 


Applications include low-band and 


VHF communications base stations, 
FM broadcast, low-band TV, and 
certain. medical uses. For these uses, 
-.a frequency coverage of at least 10 
to 175 MHz is required. However, 
for a particular application, the re- 
quired bandwidth can be narrowed 
for increased circuit efficiency. 

The development of high-power 
VHF/UHF power FETs make the 
amplifier possible. These FETs have 
recently become available in a push- 


‘|. pull package configuration—com- 


monly called the Gemini. A push- 


pull Gemini package is a flange- » 


mounted transistor header capable 
of accommodating two individual 
transistors—either FETs or. bipo- 


~H.O. GRANBERG, Member of the 
Technical Staff, 5005 East McDowell 


Rd., Motorola Semiconductor Prod- | 


ucts Sector, Phoenix, AZ; (602) 244- 
4373 . 


- been removed from the. 


lars. One of the three transistor 


electrodes is connected to. the nor- 
mally grounded flange. 

On first observation, it seems that 
a push-pull header would not be as 
advantageous as separate headers 
for each transistor. Separate head- 
ers provide better thermal distribu- 
tion, improved circuit design and 
layout versatility, and higher. pro- 
duction yields. The result is lower 
cost per watt of output power. . 
_ In addition, operating parameters 


|e 
4. For this high-power 
VHF amplifier, separate | 
circuit boards are used 
for the input and output. 
The magnetic: core has 


output transformer for 
clarity. Note the thermis- 
tor (upper middle) at- 
tached to one end of th 
transistor flange. 
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of the two transistors in a push-pull © 
header must be.closely matched be- 
fore assembly. If there is even the 
slightest mismatch in any of the sev- 


eral DC parameters, the device must 


be rejected. Another drawback of 
the push-pull header is that the adja- 


cent-transistor configuration re- 


sults in reduced thermal ratings, 


leading to a decrease in electrical 


ruggedness. 


But there are important. advan- 


~ AR305 


tages to the push- pull desig For 

example, the power gain perfor- — 
mance of this design is difficult to 
duplicate in single-ended configura- 
tions because power gain is directly 
related to the emitter- or source-to- |’ 


ground inductance. Also, in push- 


pull designs, the common-mode in- 
ductance is completely insignificant; 
mutual inductance between each 
emitter, or source, becomes the criti- 
cal factor. This mutual inductance is 
much easier to control and minimize. 

There are several different design 
approaches that can be used for sol- 
id-state power amplifiers. A trans- 


former-based push-pull design is the : 


vices, but such circuits are not easily . 


implemented for frequency ranges 
higher than 50 to. 100 MHz. If trans- 
- formers are used, their locations 
- and connecting points, as well as the 
locations of any associated capaci- 
tances, are extremely critical. These 
parameters must be tightly con- 
trolled. : | 

Control of input and output im- 
pedances to the matching networks 
is. also required. These impedances 
must be kept constant over the en- 

tire operating range. Internal im- 
_ pedances—which are directly pro- 
portional to the frequency—cannot 
be easily adjusted. However, some 
designs mitigate the effect of this 
frequency-dependent internal im- 
pedance. These practices include in- 
—serting special correcting elements 
between the matching network and 
the device, designing the matching 
networks for the proper impedance- 
versus-frequency. slope, and intro- 
ducing negative-feedback series re- 
_.|. sistor-inductor-capacitor (RLC) net- 


300-W, 10-to-175-MHz amplifier schematic 


| ec iaW 


Ry = 15 k1—4/2W 
Ry = 4.5 k0—2W 
R, = 4k trimpo! 
| Ry = 68- ~ 8.2 ki—t/4W (depends on FET gpa) - 
R, = Thermistor—40 kit at 25°C; 25 k0 at 75°C 
R= 2kN—4/2W 
Re, Ry = 50-11 power resistor~—EMC Technology type 5340, 
or KDI Pyroflim type PPR 545-20-3 
Cy, G, = 8 = 60 pF, ARCO 404 or the equivalent 
C, = 130-pF ceramic chip 
C3, Cig, C44 = O.4-nF ceramic chip 
C4, Cg, Cao = 1000-pF ceramic chip 
Cy, C, = 5000-pF ceramic chip. 
Cy = 0.47. ni coransic chip. of lower values { in parallel to 


plifier operates in the 40- 10-175- MHz range. 


works for controlling the feedback 
over the desired frequency band. 
Often, the negative-feedback tech- 
nique is used with special, correct- 
ing-element techniques. | 

Negative feedback is the output 
voltage returned to the input at 180 
deg. out of phase. In series RLC net- 
works, the series resistor limits the 
overall amount of feedback voltage 


_and also lowers the Q of the induc- 


tor. The capacitance is mostly used 
for DC blocking. 

With these networks, the series 
inductive reactance results in phase 
lag. This phase lag is maximum at 
high frequencies, where the effect 
of the negative feedback is the least. 
As a result, the out-of-phase voltage 
must be obtained from either side of 


the push-pull circuit—or through a 


specially designed network—which 


allows the impedance of the voltage 
_ source to be optimized. © | 


|. 3. Building the amplifier 
is easy using this compo- 
nent layout. » 


reach the value indicated 
i, = 10 tum, AWG #46 gage enameled wire, Sm inside diameter 


) Ferrite beads, 4.5:.H total 


Ls, L4 = Lead lengths of Rg and Re, 

Beal fotal x 

= Of RF franstormer=-25 0, 0.062-in. outside diameter, 

Neos COX 
Tp = 1:4 AF transformer—25 (), 0.090-in. outside diameter, 

- semitigid coax 
FET = MRFI5iG 
Notes: For T,, two type 75-26 E and! bticrometals Rensees 
iron cores are required. , 
For T,, three type 400-8 E and | Micrometals powdered i iron 
cores are required. 
All chip capacitors of 5000 pF or less are are Wype 100 or equivalent. 


2. At the heart of the 300-W amplifier is the Gemini push-pull transistor conliguration; This broadband am- 


A resistive network eliminates 
the reduced. efficiency of the feed- 
back power. This power is dissipated — 
in the series resistor. Power loss can: 
be considerable—up to 15 percent at: 
the low end of the spectrum—where 
the feedback is highest. | 
Another factor in negative-feed-. 
. back system design is that the out- 
of-phase feedback voltage must be 
injected after the input-matching 
network. This will not affect the de- 
vice input impedance, but will lower 
‘the load impedance to the input- 
matching network. Also, there will 
_be an additional load to the device 

output at low frequencies, where 
the output impedance is | higher and 
less reactive. 

In addition to the correct use of 
‘negative feedback, the basis for. 
good, multioctave, RF power-ampli- 
fier design is well-designed wide- 
band transformers and correct 
matching elements. With proper de- 
‘sign, this combination yields a low-— 
input circuit VSWR over many oc- 

_ taves and results in a system with 
level power output. _ | 
- Proper push-pull design requires 
a noncritical, source-to-ground in- 
ductance that provides a DC current 
_ path. This allows the circuit board to — 
be split into two sections: an input 
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‘and an output board (Fig. 1). The | 


input section carries the input- 
matching network and part of the 
-gate-bias circuit. _ : 

The first parts of the bias cir- 
euit—the output matching network 
and the drain-source voltage (Vpg) 
filtering and bypassing compo- 
nents—are mounted on the output 
board. This configuration allows 
each board to be changed indepen- 


dently for matching-network modi- — 


fications or for other purposes. Fur- 
thermore, the input matching is al- 
most identical for a 28-V power- 


| supply counterpart, requiring the | 


change of only one chip capacitor 
and the output board (Fig. 2). 
Component locations can be seen 
in Fig. 3. The board material is G10, 
which is adequate for frequency. 


|. ranges as high as 200 to 250. MHz, 


especially since no high-Q elements 
are incorporated. For a two-sided 
| board, the lower side is a continuous 
|. ground plane, although not neces- 
sarily in all locations. This means 
that no through-holes are provided 
for components such as resistors, 
trimpots, and inductors. These com- 
ponents—as well as chip capacitors 
and wideband transformers—must 
be surface-mountable. The total 
number of reeves to the bot- 


DA2509C" 


input 


Note: ‘Semitgid coaxial cables, impedances of 25 


4, Correct construction of 
- the wideband transform- 


ers makes the amplifier - 
work Properly. | ; 


tom ground plane i is 16. : 
- Gate-bias: voltage is obtained 
’ from the main DC supply voltage 


through two voltage. dividers. The 


first divider includes a trimpot for - | 


the bias adjustment. The second. di- 
vider accommodates a thermistor- 
resistor combination (R;, R,) for 


- temperature stabilization of FET bi- 


ases. Without this stabilization, the 
drain idle current would have an ap- 
proximate temperature coefficient 
of +15 mA/°C. With this: tempera- 
ture coefficient, idle current would 
increase by a factor of three if the 
case temperature was doubled. 

The FET and circuit boards are 
mounted on a milled copper plate, 
measuring 115 x 75 xX 6 mm. Input/ 
output SMA-type connectors :are 


mounted at the end of this plate. The 


result is a self-contained, single 
structure that can be fastened to a 


properly cooled heatsink. In labora- - 


tory tests, the copper plate—called 
the heat spreader—was pressed 


| against an air-cooled heatsink by its 


own weight with a thermal com- 


_ pound interface. The Vps feed cir- 


cuitry consists of standard high- and 
low-frequency filtering and bypass- 
ing. In Fig. 2, it is clear that compo- 
nents L, and C, handle the high-fre- 
quency end; the low-frequency end 
is handled by the L.,, C, components. 

Normally it is desirable to filter 


down to very low frequencies to pre- 


+——40mm——>! | 5, Semirigid coaxial ca- 
BI bles are bent and. 
ieee i Al formed to produce the 
Lo qmm~ inl. wideband transformers. 
Smm 40mm The outer conductors are 
are vistas red together. The 
| 1 each required Output =» 2 each required oa conductor of all 


bent inwards against 


each other. 
<———80 mm ———» CA18062" ae mm-——} Pe] 
D —— 
ar ing A K! Na mm A 
5mm 5 ise 5mm 40mm 
2 each required 2 each required 
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segments are sharply ~~ 


vent any RF energy: from féoding. « 
back to the power ’supply, in case of | 


load mismatches and instabilities. 


~ But this type of filtering applies pri- 


marily to single-ended. circuits. In. 
push-pull circuits, the DC feed is 


usually at a balanced point, with no 


RF potential. In this push-pull cir- 
cuit, such an elaborate filtering net- 
work is not necessary, except when 


| partially damaged devices cause ex- 


cessive unbalances between the two 
sides. 


IMPEDANCE MATCHING - 


Input- and output- -impedance | 
matching’ is done with unique wide- 


_ band transformers (Figs. 4 and 5).). 


Advantages » of using these trans- 
formers include DC isolation be- 


tween the primary and secondary 


turns, automatic balanced-to-unbal- 


. anced functions, and. compact size 


vis-a-vis the power-handling capabil- 
ity. The principle is the same as in 
ordinary low-frequency transform- 
ers. However, the tight coupling co- 
efficient is achieved between the 
transformers’ windings by: the use. 


of a low-impedance transmission 
line, in this case, semirigid coaxial 
‘cable. 


The low- impedance side always 
has one turn, and consists of paral- 
lel, connected segments of the coax 
outer conductor. The high-imped- 
ance side has inner conductor seg- 
ments that are connected in series. 
This arrangement permits only inte- 
ger impedance ratios that are per- 
fect squares, such as 1, 4, 9, and 16. 
The coupling coefficient between | 
the primary and secondary turns 
can be controlled by varying the 
coax impedance. The optimum line 
impedance formula, Eq. 1, also ap- 
plies to the transmission- line trans- | 
formers: 


Zo RAY ot) 


~ High line impedance results in 
loss of high frequency response, 
whereas a very low impedance 


- would further lower the Rp at the 
- middle frequencies (see table). 


There is a trade-off between the 


‘cable diameter and the length of the. 


board. Depending on where the lines 
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are stacked, using large-diameter cable results in less- 
| definable connection points to the low-impedance wind- 
ing. This results in an increased leakage inductance. 
The areas of the coax inner conductor—where the wind- 
ing series connections are made—are uncontrollable 
and contribute to the leakage inductance. 

In an optimum configuration, the. low-impedance 
winding connection points should be brought together 
as close as possible. This. minimizes the lengths of the 
uncovered inner-conductor segments, but the physical 
format would be difficult to accomplish. - 

The optimum value for the Rp would be exactly 12.5 
_Q, with a high value for the Xp. In fact, if Xp is equal to, 
or greater than, the high-impedance termination, it can 


be omitted.. Then, only the Rp becomes the determining — 


factor. The worst case is at 100 MHz, at which the Rp is 
low and the Xp is high (see table). | 

This means the transformer ratio is erence than 1: 4 
at that frequency, resulting in a dip in the drain efficien- 
cy. Itis the result of the leakage inductance and can be 
observed at frequencies as low as 50 MHz. The compen- 
sation capacitor, Cy, is optimized at 175 MHz, but its in- 
fluence diminishes at 130 to 150 MHz. Despite all of this, 
the overall performance of the transformer was consid- 
ered satisfactory. — 
Variations of the output impedance with frequency, 


compared to those of the input, are usually several © 


times smaller. Therefore, impedance-sloping networks 
are rarely seen. Such networks should be able to. handle 
high RF currents and voltages and would be difficult to 
design with low losses. Negative feedback, however, 
‘tends to present an artificial load to the device output 
and it can be designed to decrease with frequency. 

The parallel, equivalent gate-to-gate input impedance 
of the push-pull network is 1.28 - J 3.12 9 at.175 MHz, 
- making the normalized impedance value equal to 3.37 2. 

At 10 MHz, the normalized impedance would be 15.7 2. 
“At 175 MHz, a 16:1 impedance ratio would result-in a 
closer input-impedance match, but it was decided that a 
9:1 ratio would provide a closer match at lower frequen- 
cies. The high end can be corrected with an adjustment 
of C, and C,. At 10 MHz, the input transformer would 
see a 15.7 2 load, which represents a VSWR of almost 
Bl. 

Therefore, if no correction network or tecabaek is 
employed, negative feedback will level the power gain 
as well. But, with simple RLC networks, only the high- 
and low-frequency ends: can be equalized, leaving a 
“hump” at.the middle frequencies. In most cases, this 
-hump.is only 2 to 8 dB—tolerable for most applications. 
The series resistor should lower the Q of the inductor. 
But real optimization requires a variable source for the 
feedback voltage.’ The feedback resistor values can 
also be calculated. 

A simplified model of the feedback network ¢ can be 
seen in Fig. 6. Only the series inductor, which is used to 


shape the gain slope, is omitted. This inductor can be - 
treated as an additional variable, Its value for the spec- 


trum in question would be lower than the minimum limit 
‘achievable with the physical layout, regarding the mini- 
-tnum lead lengths. In other words, the model only al- - 
~ lows the calculation of the feedback resistor values ata . 
; single frequency. In most instances, the minimum se- 


ries inductor is limited by the physical size of the circuit- 


ry. Ideally, its reactance should be infinite at the high | 


end of the band and should be zero at 10 MHz. From the 


- data sheet and by simple calculations, it is 5 possible to 


obtain the following values: 


_@ Gps at 10 MHz = 26 dB..: 


© Gps at 175 MHz = 16 dB (lowered to 15 aB with feed- 
back). 


o Pi, 1 (f= 10. MHz, Poy, = 300 W) = 0.75 W, V,, (RMS) = 
2.03V (V.). 

e P, 2(f = 175 MHz, P.,, = 300 W) = 9.50 W, Vi, (RMS) 
= 7,23V (V)). 


~@V,= RMS output voltage (drain to drain) = -61.25 V. 


® R,, R, (transformer source and gate-to- “gate imped- 

ances) = 5.5 0. 

e R, = feedback resistor. 

e R, (output load) = 12.5 9. 
The value of the feedback resistor is given by: 


R3 =, V es v V 
Pe) - el 
= 48.3 Q (each resistor) (2) 


— Rg 


Total power dissipated (Rg and R,) = 68.28 x 0.58 =. 
36.70 W, or 18.35 W per resistor. The values can be 
rounded to 50 2, allowing the use of stock resistors. The 
resistors used here are rated for 25 W. They have a one- 
sided flange for heatsinking purposes, which is mount- 
ed on 6.35-X-6.35-x-4-mm-high copper blocks in each end 
of the FET. Holes are provided through the blocks, and 
common screws are used to mount the resistors and the 
FET. 

The purpose of the copper blocks is to condyct the 
heat away from the resistors to the heatsink through 


the ends of the FET flange and to raise their height to 


more than the top surface of the ceramic lids of the 
FET, allowing the resistors to be mounted directly on 
top of each lid. This design provides the shortest path 
between the drain and the gate, still leaving about 20 
mm of lead length, which is the practical minimum for 
the series inductance. 

On the top of one of the resistor flanges, fuses 
with the common resistor-FET mounting screw, is a 
solder lug into which one end of a thermistor (R,) has 
been attached. Together with R,, it tracks the FET gate- 
threshold voltage variations with the FET flange and 
heatsink temperature. Similar thermistors come in pill 
or cylinder forms, and are 3 to 4 mm in diameter and 4 to 
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5 mm long. Normally they have 
wires soldered to each end, of which 
one was removed and replaced with 
the solder lug. The lug is the electri- 
eal contact to the ground and the 
thermal contact to the heatsink. 
Thermistors with similar mounting 
may be commercially available. 
Since the output-load impedance 
is fixed and set for a nominal 12.5 0, 
the optimum supply voltage would 
be approximately 45 V for the best 
combination of drain efficiency and 
saturated power. If good. linearity i is 
required, higher voltage will. give 
better results. In most applications, 


|. such as single sideband (where the | 


duty cycle i is low), the efficiency is 
less important. Other factors that 


affect efficiency are the amount and. 


type of magnetic material in the out- 
put transformer, the amount of neg- 
ative feedback introduced, and the 
magnitude of drain idle current. 

It would be difficult to design an 
amplifier covering the 1-to-175-MHz 
range in one segment, since highly 
permeable magnetic material is ex- 
cessively lossy at VHF. Transmis- 
sion-line transformers would allow 


multiturn windings and the use of 


material with lower permeability, 
but could easily lead to excessive 


physical line length. For extremely _ 


broadband designs,.a low overall ef- 
ficiency must be accepted, as well as 


reduced power output from the 


specified device values. In such 


cases, efficiencies of 40 to 45 percent . 


are typical. 

However, if the band is split into 
segments such as 1 to 75 MHz and 
75 to 175 MHz, magnetic material in 
the output transformer is not re- 
quired for the high segment, result- 
ing in 10-to-15-percent higher effi- 
ciency. Amplifiers, for even narrow- 
er bandwidths such as the 88-to-108- 
MHz FM broadcast band, have been 
designed with efficiencies up to 70 
percent using the same devices and 
design technique. 

Some power is absorbed by the 
feedback networks at the high end 
of the band as a result of the finite 
reactance of the series inductances. 


rol (Coo OT at 


5 
ae 


6. A negative-feedback nefwork plays an impor: 
tant role in the amplifiers operation. Design of 
this DC model is based on a series RLC circuit. 


The reactance decreases in propor- 
tion with the frequency:and reaches 
its minimum value at.the lowest fre- 
quency of operation, which is where 
maximum power loss due to feed- 
back occurs. The numbers previous- 


ly determined from the feedback re- . 


sistor calculations permits a deter- 
mination: The power loss is P,, 2 - 


-P,, 1 + 36.7 W = 45.45 W, which 


converts to 7. 5 percent, assuming 


50-percent initial efficiency. 


Linear. amplifiers usually operate 


at a lower efficiency than amplifiers : 


designed for CW or FM service. For 


good linearity, the output-matching | 
network is designed for -a higher } 


transform ratio than that which is 
optimum for efficiency; which. also 
results in higher= saturated _power 
output. Linearity is affected by the 
amount of quiescent idle current as 


well, of which a certain amount is. 
always required. Ina FET amplifier, | 
going from class B to class C has a. 


larger effect on efficiency than in a 
bipolar design, since the gate- 
threshold voltage is usually higher 
than the base-emitter forward volt- 
age. Zero gate voltage would lower 
the amplifier’s power gain, but 
would also increase its efficiency by 
more than that accounted for by the 
idle current, and could actually be 


thought of as setting the operating | 


point closer to class D. 

Stability is a concern with all sol- 
id-state amplifiers. It is easier to 
achieve with FETs than bipolar 
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7. Input VSWR is effec- 
tively constant. However, 
the choice of transformer 
core material can. 
change VSWR perfor- 
mance. 


of | transistors, mainly due to a higher 
_ | ratio of feedback capacitance to in- 
* put impedance. The “half f) oscilla- | 


tion” phenomenon is unknown with 


| FETs, since the nonlinear diode 


junctions are not present. However, 
at.low frequencies the FET input im- 
pedance is almost a pure capaci- 
tance with high reactance, resulting 
in extremely high power gain. If the 
FET gate is not properly terminated 
due to input mismatches, low-fre- 
quency instabilities may take 
place—especially if the frequency 
response of the input circuit is low © 
enough to sustain the activity. 

For push-pull RF FET amplifiers, 
the two gates must have sufficient 


isolation between each other at the 
- frequency at which the device inter- 
nal ‘capacitances, wirebond induc: 
“tances, and external inductances. 
resonate. If the gate inductance is 
_ low compared to the device’s inter-. 
nal. inductances, oscillations: at the 
- resonant frequency will occur.2> 
., Depending on the exact condi- 
tions and device type, relatively low- ° 
-level parasitic oscillations can occur; |. 
-in worst-case scenarios, a latching- - 

_ type condition will destroy the FET: 
|. instantly. This ¢an be prevented by 
lowering the Q of the resonant cir- : 
cuit with series resistance or induc- 
‘tance at the gates. Unfortunately, .| 


this seriously affects the high fre-~ 


quency, performance of the amplifi-- 


er. A more practical solution is sim- 
ply to load the input transformer it- 
self with magnetic material, which 
in this design is required to extend 
the frequency response down to 10 
MHz in any case, and would be re- 
quired for any amplifier of this type 


regardless of the frequency range. 


The input VSWR can be optimized 
for lower frequencies by increasing 
the value of C, and adjusting C, 
(Fig. 2). The optimum value for C, at 
150 MHz is approximately 180 pF. 
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Its location, which is critical, should | 
be inside T, (Fig. 3). The C, capacitor 
should be soldered in place before ‘| 


the mounting of T,. Some designers 
allow a fair amount of input reflect- 
ed power at low frequencies to com- 
pensate for excessive power gain. 
However, this may result in instabil- 
ities with the driver, unless biased 
into class A. 


In this design, the input and out- | 
put magnetic cores are heatsunk to 


the copper heat spreader. In the 
case of E- and I-type cores, the I sec: 
tion is pressed flat against the heat 
Spreader, and the E section is ce- 
mented to it through a rectangular 
opening in the circuit board. Since 
the cemented joints have high ther- 
mal resistance, this is not a perfect 
way to remove the heat from the 
core, but it lowers the temperature 


by 20 to 30°C from no cooling at all. 


Cooling is only necessary for certain 


types of ferrites with low Curie 
points. The powdered iron trans- 
former core does not have a Curie 
point in that sense and can be oper- 
ated at high temperatures without. 


_ changes in its magnetic properties. 


The efficiency is lowest with full 


_ bandwidth and high supply voltage. 
Although the data was taken under 


CW conditions, continuous opera- 
tion of the unit is not recommended, 
except with reduced duty cycle such 
as SSB or linear pulse. For applica- 
tions above 50 to 70 MHz, it is rec- 
ommended that no magnetic materi- 
al is inserted in T, (Fig. 6). This ap- 
plies especially to FM and other CW 
modes, at which the unit should be 
run at reduced power levels and 
voltages. At full power output (Fig. 
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7) and worst-case efficiency, power 
dissipation gets dangerously close 
to the derated limit, assuming a 60- 
to-70°C flange temperature. | 
Overtightening the device mount- 
ing screws will bow the relatively 
thin and long flange. Split lockwash- 
ers should be used, with enough 
mounting torque to fully compress 
the washer. Silicone thermal com- 
pound must be applied to the 
flange/heat-spreader interface. A 
thin layer wiped only to the flange 
bottom is sufficient and will spread 
evenly under the pressure. This in- 
terface, the mounting torque, and 
the flatness and type of mounting 
surface are some of the most impor- 
tant aspects in high-power transis- 
tor amplifier design because heat is 
the number one enemy of. any solid- 


state device, ee - 
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Wideband RF Power Amplifier 


This Amplifier Operates Over A Wide Range Of 


Supply Voltages. 


- Reprinted with permission of R.F. Design Feb. 1988 issue. ©1988 Cardiff Publishing Co. All Rights Reserved. 


By H.O. Granberg 
Motorola Semiconductor piodiieks 


A single amplifier covering frequencies 
from HF to VHF at a power output level 
of 300 watts would have been considered 
impossible or impractical a few years ago. 
This. would still be true if not for the ad- 
vances in power FET technology. 

_ This article covers the design aspects 
of a 300 watt unit with a frequency range 
of 10 to 150 MHz. 


he MRF141G, used in this design, is 


housed in a special push-pull header 
commonly known as “Gemini” (twins), 
meaning that there are two identical tran- 
sistors mounted next to each other on a 
common carrier or a flange. There are 
transistors (mainly FETs) available in the 
Gemini type packages rated from 20 watts 
to 300 watts. The lower power units can 
be used to frequencies of 1 GHz and 
higher, while the 100-150 watt units are 
designed to operate up to 500-600 MHz. 

The advantages of a push-pull package 
such as the Gemini become apparent at 
higher frequencies, where the normal 
push-pull configuration with discrete 
devices would be impractical. In the push- 
pull circuit configuration the critical fac- 
tor is the mutual inductance between the 
two push-pull halves, and not the device 
to ground inductance, as is the case in 
single ended designs. The Gemini or any 
other push-pull transistor housing permits 
the minimization of the mutual inductance 
to a level that approaches the ultimate in 
physical terms. 

There are a couple of penalties we must 
pay for. all this. One is a slightly higher 
cost when compared to two discrete units 
due to matching procedures involved and 
lower production yields resulting from 
double the possible reject rate. Another 
one is the reduced thermal characteris- 
tics. Twice as much dissipated power is 
concentrated virtually in the same area as 
in the case of a discrete design, leading 
to special cooling requirements. 


About Power FETs | 
There have been designs of high power 
HF amplifiers using the TO-3 packages, 


Figure 1. Overall view of the 300 watt, 10-150 MHz amplifier. Separate 
circuit boards are used for the input (left) and the output. 


and lower power versions with the T0-220 
plastic units. With a given die geometry, 


a FET has approximately four times . 


higher unity gain frequency than a bipolar 
transistor. This explains the fact that even 
the larger low frequency power FETs may 
have 10 dB or more power gain at 30 
MHz, where a similar bipolar counterpart 
would be totally unusable. The difference 
is mostly in the figure of merit of the die 
itself, which is the ratio of feedback capa- 
citance to the input capacitance or im- 


- pedance. (This should not be confused 


with the more common base area/emitter 
periphery figure of merit die design for- 
mula.) With bipolar transistors the feed- 
back capacitance (collector to base) is not 
usually specified, but it is 15-20 times 
higher than the drain to gate capacitance 
of a comparable FET, while the base/gate 
input impedances become about equal at 
increased frequencies. This feedback 
capacitance normally produces feedback 


within the device itself, whose exact 
phase angle depends on the capacitance _ 


values and other parameters. . 
In FETs designed specifically for RF, the 
die geometry is usually finer (larger ratio 
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of the gate periphery to the channel area) 


than in the switching power FETs. This 


_reduces the device capacitances auto- 


matically. Further reduction is achieved by 
splitting the die into a multiple of cells 


(groups of source sites and gate fingers) 


where the gates and sources are .con- 
nected in groups. of two or four by in- 
dividual bonding wires to the common 
package terminals. For example, in the 


_ MRF141G one of the two die consists of 


36 cells each having around 70 individual 


small FETs, making the total about 2,500. 


In switching power FETs, the connec- 
tions to the numerous source sites and 
gates are made with metal pattern on the 
die surface which allows the use of single 
large diameter bonding wires for the 
source and gate contacts. The increased 


metal area results in increased MOS 


capacitance and reflects to the device in- 
put (Ciss), feedback (Cass) and output 
(Cogs) capacitances. The transconduc- 
tance of a MOSFET g,, is a measure of 
its electrical size. Thus, a good indication 
of the high frequency performance can be 
obtained by comparing the capacitance 
values (especially Cass) of devices with 
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R1 — 1K/12W 
R2 — 10K/¥2W 
R3 — 330 Ohms/2w 
' R4 — 1K Trimpot 
R5.— 68K/%4W pea : 
R6 — Thermistor, 10K at 25°C/2.5K at 75°C 
R7 — 2Ki2W 
R8, R9 — EMC Technology Type 5310 or KDI.Pyrofilm 
Type PPR 515-20-3 Power Resistors, 25 
Ohms 
C9 — ARCO 402, 1.5-20pF Compression Mica or 
equivalent 
C2 — 200pF Ceramic Chip 
C3. — O.1uF Ceramic Chip 
C4, C5, C12 — 1000pF Ceramic Chip 
C6, C7 — 0.01uF Ceramic Chip | ; 
_ C8 — 0.47uF Ceramic Chip or lower values in 
ae parallel for the value indicated © 
C13 — 300pF, 2x150pF or 100pF and 200pF 
Ceramic Chips in parailel ; 


= 


C1, 


Figure 2: Schematic of the amplifier. 


similar transconductances. 

Another fact to mention is the gate 
resistance. Most modern power FETs use 
a gate structure of polycrystal silicon, 
which can have a bulk resistance com- 
parable to carbon. It is also used as a con- © 
ductor between the metal pattern and 
each individual gate. In the RF power 
FETs, each gate is fed through a separate 
contact having a resistance of approx- 


() + 
12-28V 
cB | O - 


Output 


L1 — 10 Turns AWG #16 Enameled Wire, 5mm 1.D. 

L2 — Ferrite Beads over AWG #16 Wire, 1.5 uH 
total : 

L3, L4 — Lead Lengths of R8 and R9, 20mm total 

FET — MRF141G : 

T1 — 9:1 RF Transformer. (15-25 Ohm, 1.2-1.6mm 
O.D. semi rigid coax.) Magnetic Core Re- 
quired: Fair-Rite Products Corp. 
#9461012002/9361021002 E and | (2 ea.) 
Types, Respectively, or Equivalent. 

T2 — 1:9 RF Transformer. (15-25 Ohm, 1.8-2.3mm 
O0.D. semi rigid coax.) For Magnetic Core 
See Text. 


Note: All chip capacitors of 0.01uF and less in 
value are ATC type 100 or equivalent. 


imately 0.1 ohms. In the switching power 
FETs, the polycrystal silicon is applied in 
a sheet form in a separate layer, but the 
distance between the metailization and 
the farthest gate still results in at least 
30-40 times higher gate resistance with 
a die of comparable size. 

In high frequency applications the high 


gate resistance permits a part of the drain- — 


source RF voltage or transients to be fed 


| ro 


Figure 3. The component layout diagram. The only critical component 
locations are those of C2 and C13. They must be soldered in place (1 


of C13) before the mounting of the input-output transformers. 
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back to the gate through Cagg in 
amplitudes that can rupture the gate- 
source oxide layer. The rupture will first 
occur in the far end of the die, away from 
the gate terminal. Since the gate resis- 


_tance is internal to the FET die, external 


limiting or clamping circuits at the gate are 
of no help. The gate of a MOSFET is the 
most sensitive part of the device, which 
can be permanently damaged even by 
static charges during the handling. 
Although the larger FETs (100-150 W), due 
to their higher gate capacitance, are not 
as vulnerable as the smaller ones, proper 
precautions should be exercised. 


Design and Construction 

As discussed earlier, the common 
mode inductance in a push- pull circuit is 
not critical, and the ground path is only 
used for DC feed to the amplifier. The in- 
put and output impedance levels are es- 
tablished from gate to gate and drain to 
drain respectively. This allows the circuit 
board, which is made of the standard 1.6 
mm G10 material, to be split into two sec- 
tions. One carries the input matching net- 
work and part of the bias circuit, while the 
second section holds the output matching 
network, the bias set and the drain voltage 
feed and filtering circuitry. (See Figures 
1 and 2). In addition to allowing wider 
design flexibility, this arrangement also 
simplifies the repair and maintenance of 
the unit, if required. | 

The two circuit boards including the 
space between them for the FET meas- 
ures 115 x 75 mm. They are mounted on 
a copper plate with the same dimensions 
having a thickness of 6 mm. The input 
and output connectors (SMA) are 
mounted to the edges of the copper plate. 
They can also be placed at a remote loca- 
tion with coax connections to the amplifier 
utilizing any connectors that have good 
RF characteristics such as BNC. 

Due to the large amount of heat con- 
centrated in a small area in the form of 
dissipated power, it is important that the 
copper plate be employed as a heat 
spreader unless the heat sink itself is 
made of copper. The heat spreader can 


then be bolted to a piece of aluminum ex- 


trusion with thermal resistance of 1° C/W _ 
or less for normal intermittent operation 
without forced air cooling. The heat 
spreader and the extrusion surfaces 
should be flat without any burrs, and 
silicone thermal compound must be ap- 
plied to the interface. The same practices 
should be followed in mounting the FET 
into the heat spreader. If the FET gate and 
drain leads are bent sharply up along the 
package sides, they will be aligned along 
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the edges of the circuit boards. This 
makes the board spacing from the heat 
spreader less critical, which then can be 
anywhere from 1 to 3mm. The FET lead 
lengths to the board connection points are 
variable by the same amount, but they 
have a minimal effect on the impedance 
matching and performance at these 
frequencies. . 

~ Details of the electrical design concepts 
of a similar amplifier are given in 
reference 1. The input-output trans- 
formers require a special low impedance 
semi-rigid coax cable making construc- 
tion difficult in single quantities. The out- 
put transformer only requires a magnetic 
core if operation below 75 MHz is desired. 
In contrast, the input transformer always 
requires one regardless of the frequency Supply Voltage (volts) 


of operation. In a push-pull FET amplifier aes = 
design the gates of the two halves must Fgure 4. Amplifier power output versus the supply voltage at various 


Output Power (watts) 


COREE 
HEECRELET. 


be isolated by sufficient inductance or input levels. Solid lines represent 150 MHz and dashed lines 10 MHz. 
resistance (7,8). In order to prevent in- . 

stabilities which will occur at the resonant have mounting lugs which are terminally fessional it works rather well. If the 
frequency of the device capacitances, the connected to the copper heat spreader unit -is used for other than intermittent 
internal wire bond inductances and the through 5 mm high spacers. modes of operation such as voice com- 
external inductances, sufficient isolation These are mounted on top of the ends munication, a thermistor (R6) can be used 
is required between the two gates which of the FET flange, allowing the use of for bias stabilization. Without it the drain 
the magnetic core will provide. Without common screws for fastening the resistors idle current will approximately triple if the 


this, the two FETs of the push-pull circuit and the FET. The spacers must be of FET case temperature is doubled, and 
would see a parallel connection at some material with low terminal resistance like would result in decreased efficiency. The 
resonant frequency, which would result in aluminum, brass or copper, and must thermistor can be attached to a solder lug, 


serious instability problems. have a larger surface area than thin wall which is fastened with one of the resistor- 
The importance of the negative feed- tubing. A couple of stacked brass nuts, FET mounting screws. : . 
back (L3, L4-R8, R9-C10, C11) must be one size larger than the mounting screws The input and output impedance 


emphasized. Without it the power gain is a good solution. Although not very pro- = matching is achieved with unique wide- 
would exceed 30 dB at low frequencies, : 
resulting in increased conditions for in- 
stabilities. The feedback is designed to 
lower the low frequency power gain close 
_to the 150 MHz level it is at. L3 and L4, 
which consist of the lead lengths of R8 
and R9 represent a reactance of 20 ohms 
each at 150 MHz. It also controls the 
frequency-amplitude slope. This in series 
with the 25 ohm resistor values lowers the 
power gain by one GB at 150 MHz but in- 
creases to as much as 15 dB at 10 MHz. 
C10 and C11 are only used for DC block- 
ing and their values are not critical as long 
as their reactances are less than 10-15 rsh 
percent of R8+R9. C10 and C11 are Pe 
ceramic chip capacitor that are mounted 
vertically on the circuit board (Figure 1). 
Although unusual, it allows the feedback 
resistor leads to be soldered directly to the NEE SE aT 
Capacitor top terminals. This provides a 
much lower inductance path than the con- 
ventional mounting technique and saves 


board space. Since R8 and R9 must be ao, ode | ae pes | | 
able to rdissivaie up to 15 Watts each = Figure 5. Output harmonic contents versus frequency. (Vos = 28V, Pour = 


depending on the frequency of operation, 300W.) The benefit of the push-pull configuration can be seen in the sup- 
they must be of a type that canbe easily | pressed even order products. The data does not change considerably with 
heat sunk. The type resistors designated varying the supply voltage or power output. 
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Low Frequency 
end MHz 


75 } No magnetic core 
25 . Micrometals 101-2 
15 > | Micrometals 101-8 


Fair-Rite Prod. Corp. 


Manufacturer and 
type # 


Drain Eff. 
at 300 W, 
75-100 MHz 
62-66% 
59-63% 
54-59% 


46-52% 


9461014002/9361020002 


Fair-Rite Prod. Corp. 


36-43% 


9443014002/9343020002 


Table 1. Effect of the output transformer magnetic core material on 
amplifier bandwidth and efficiency. | 


band transformers described in Refer- 
ences 1 and 2. Some of their advantages 
are: DC isolation between the primary and 
the secondary, automatic balanced to un- 
balanced function and compact size in 
comparison to the power handling capa- 
bility. Their principle is the same as in or- 
dinary low frequency transformers, except 
that tight coupling between the windings 
is achieved through the use of low im- 
pedance transmission line, in this case 
semi-rigid coax cable. The low impedance 
side always has one turn and consists of 
parallel connected segments of the coax 
outer conductor. The inner conductor 
forms the high impedance winding, where 
the segments are connected in series. — 
This arrangement only permits im- 
pedance ratios with integers such as 1:4, 
9, 16. The magnetic cores employed are 
the old E and | types. They can be in- 
serted around the transformer after the 
windings are made up and mounted to the 
board. Rectangular openings in the 
boards are required to allow the | section 
to be laid against the heat spreader with 
thermal compound interface. The E and 
| cores are then cemented together and 
to the edges of the board openings. 
Special heat conductive epoxy would be 
preferable, but not mandatory. If there is 
no air flow on top of the amplifier, the out- 
put transformer can reach temperatures 
in excess of 100°C in continuous 
operation. 
_ Asarule, the high frequency losses in 
magnetic material such as ferrite or 
powdered iron, are more or less directly 
related to its permeability, and appear as 
heat generated within the core. Since this 
part of the RF energy is not delivered to 


the output terminal, and the drain current 
is equal in each case, the result is lowered 
overall efficiency. 

From the above we can conclude that 
the magnetic core material should be 
selected according to the lowest desired 
frequency of operation. For example, from 
2 to 150 MHz, initial permeability (u,) of 
over 600 and cross sectional area of 
about 1 cm? would be required. Ferrites 
in this category have Curie temperatures 
of 130-140°C, above which temperature 
they become paramagnetic and causes 
serious malfunctions in the operation of 
at lower frequencies. In such case special 
cooling structures would be required (See 
Table 1). 

The amplifier described was originally 
designed for operation from a constant 28 
volt power supply, for which reason 
regulation of the gate bias voliage was 
omitted. If the supply voltage is varied by 
more than 2 volts, the bias will have to be 
reset by R4 for a nominal 400-500 mA 
drain idle current. This can be avoided by 
connecting a 6.8-8.2 V zener diode 
(1N5921A-1N5923A) from the junction of 
R3 and Ré4 to ground. The idle current can 
then be set once, and would not change 
considerably from a supply of 12 to 28 V. 
The Vpg feed circuitry consists of the 
standard high and low frequency filtering 
to prevent any RF from feeding back to 
the power supply. C5, C6, Li and C7 han- 
dle the high frequency end, while the low 
frequencies are taken care of by the 
L2-C8 combination. 


Performance 
With the 1:9 impedance ratio output 
transformer employed, the optimum 
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power output at 12 and 28 V supplies 
would be only 50 and 265 watts 
respectively. 


P, = 


At these power levels the IM distortion 
is better than —30 dB at all frequencies, 
the worst case being at 50-100 MHz. From 
Figure 4 it can be seen that higher out- 
put levels are possible with increased 
drive power, but the amplifier will be close 
to saturation and can be only used for 
nonlinear applications such as FM or CW. | 
For the best IMD, the idle current should 
be 500-800 mA total, but disregarding the 
linearity, it can.be as low as 100-200 mA. 
Lower idle current will result in loss of 
power gain by 0.5-1.0 dB, while increas- 
ing the efficiency. ; 

The stability of any RF power. amplifier 
(especially solid state) under mismatched 
load conditions is always a concern. The 
power MOSFETs have been proven sup- 
erior in this respect to the BJTs, although 
the stability is also circuit dependent to 
a great extend. The stability of the 
amplifier described here has been tested 
against load mismatches using a simu- 
lator of 30:1 at all phase angles and a 3 
dB power attenuator to the amplifier out- 
put, which results in approximately 3:1 
VSWR. Unconditional stability was shown 
at a combination of any power output level 
and supply voltage at 10, 50 and 150 MHz. 
Stability into a 3:1 mismatched load is 
almost considered a standard specifica- 
tion in the industry, meaning that the har- 
monic filter-antenna combination (if ap- 
plicable) should have its input VSWR 
equal or lower. Normally 2:1 is easy to 
achieve over a fraction of an octave band- © 
width, unless the filters are improperly 
designed. Figure 5 shows that at 150 MHz 
and beyond the output harmonics are well 
suppressed to start with, but a filter is still — 
required to meet the FCC regulations. 
More elaborate filtering is necessary at 
lower frequencies, where the 3rd _ har- 
monic is only 12-13 dB below the fun- 
damental. For most industrial applica- 
tions, however, harmonic filtering may not 
be necessary. Although data is not shown, 
the amplifier can be used up to 175 MHz 
with a power gain of 10-11 dB. Ci should 
be adjusted for lowest input VSWR and 
C9 for the peak power output at the 
highest desired frequency of operation. 

As the MRF 141G basically operates 
from a 28 V supply, lowering the voltage 
down to 20 or below would make the unit 
almost indestructible against load 
mismatches in case of an open coax or 
broken antenna. Figure 4 shows that the 
power output is still almost 200 watts at 
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20 V and 150 watts at 16 V. The rugged- 
ness criterion does not apply against 
possible transients to the input from the 
signal source and assumes that the FET 
is properly mounted to the heat sink. A 
normal guideline is that a transistor 
should have its break down voltage 
(BV 45.) 2-25 times the operating voltage. 
The break down voltage is set by choos- 
ing the starting material (silicon) with pro- 
per resistivity or doping. If the break down 
voltage is too low, the output voltage 
swing may exceed it and cause.an avalan- 


che. If it is too high, the transistor will 


saturate at a low power level, but it will be 
harder to blow up since the device is less 
likely to exceed its dissipation limits. For 
the same reason, devices made for 50 V 
operation are often used at 30-40 V and 
at reduced power levels in applications 
like laser drivers and magnetic resonance 
imaging, where they must momentarily 
withstand a large output load mismatch. 


The circuit boards and other components _ 


for this design are available from Com- 


munication Concepts, Inc., 121 Brown | 


Street, Dayton, OH 45402. (rf 
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HOW TO APPLY THE MAW70S/MnW710 UHF POWER 5 


MODULES 


FIGURE 1 — UHF POWER MODULE TEST INFORMATION 
(MHW709 AND MHW710) 


TEST CIRCUIT 


Motorola’s UHF Power Modules use thin film construc- 
tion to minimize parasitics, and for manufacturing con- 
sistency. They’re flange mount for easy, one-sided as- 
sembly. They reduce your system inventory, eliminate 
the need for special production equipment. But even 
though the MHW709/MHW710 are ‘complete’? UHF 
power drivers and reduce RF design and production to a 
new level of ease, there are a few operation and testing 
considerations to follow for best results. 


The modules are conservatively rated. Actual output 
power capability is 50 to 70% above rated power. How- 
ever, the equipment designer should not design a prod- 
uct using the module above the rated output power. In 
some cases, if smaller margins are acceptable and certain 
other conditions are met, some of the reserve power 
output can be used. In this case, please contact your 
Motorola representative for specific recommendations. 


When operated within published specifications, the max- 


imum device current density seen in a limit module will 
be 1.5 x 10° A/cm2. Maximum die temperature with a 
100° C base plate temperature will be 165° C. 

Nominal ratings are for a 12.5 Vdc supply (V, at pin 5) 
and control (V,, at pin 3) voltage. Specifications such as 
power gain, efficiency, and input VSWR are measured 
with the nominal 12.5 Vdc supply and an output power 
of 13 W (MHW710) and 7.5 W (MHW709). 


Gain Control 


The preferred method of operation is to apply 12.5 Vdc 
to both pin 3 and pin 5 through the recommended de- 
coupling network. (In general, the module output power 
should be limited to 14 W, MHW710; 8.5 W, MHW709.) 
The output of the module is then set by adjusting the 
input drive level: Operation in this manner will result in 
the best performance with temperature variation. 


Pin 5 supplies collector voltage to the input stage in the 
module. This pin is internally bypassed by a .018 uF 
chip capacitor effective for frequencies from 5 MHz 
through the operating frequency. Due to size limitations 
in the module, additional external low frequency de- 
coupling effective below 5 MHz is required (as is re- 
quired with discrete UHF transistors). If pin 5S is used to 
reduce the module output, two characteristics may cause 
an application problem. 


One is that with the drive power appreciably above that 
required (+2 dB or so) for 13 watts output, the voltage 
on the first stage may be as low as four or five volts. This 
low voltage tends to increase the slump in output power 
with increasing temperature as opposed to the condition 
of pin 5 = pin 3 = 12.5 V and drive adjusted for desired 
power output. Second, if voltage to pin 5 is derived from 
a series dropping resistor and the value of the reSistor is 


MOTOROLA RF DEVICE DATA 


7-326 


EB8 


application using an automatic gain or output leveling 
circuit. If pin 5 is fed from a regulated voltage source, as 


necessary to provide external coupling for frequencies 
below 5 or 10 MHz. This can take the form of a network | 


above 10 to 20 ohms, the output power will tend to rise 
with decreasing drive which could cause problems in an 


opposed to a series dropping resistor, this problem does 
not arise, however, the temperature slump characteristic 
is _ pieseits 


Typically, the MHW710 slump at 80° C from rated out- 
put at 25° C with V3 = V5 = 12.5 Vdc is 9 to 12%. With 
pin 5 voltage set for rated output power and rated drive 
applied, the typical slump will be 10 to 16% at 80° C. 


Slump in the MHW709 under the same conditions is 


typically 5% less than the above figures. 


Decoupling 


As mentioned, size limitations in the module make it 


as shown on the data sheet: All decoupling capacitors 
internal to the module are .018 wF chips. Output and 


interstage blocking capacitors are 39 pF NPO chips. This. 


chip type has a nominal reactance to 9 ohms in the UHF 
band and was selected to decrease the module gain at 
frequencies below the pass band. Also, the base return 


chokes in all stages were selected to degrade gain slightly - 


at UHF with greater effect at lower frequencies. The use 


-of small coupling and blocking capacitors along with low 


impedance base returns reduces the loop gain at low 


frequencies to minimize low frequency problems from 


the increased device gains below the operating 
frequency. 


The decoupling network shown on the data sheet is used 
during final test of the module and has been found effec- 
tive for our test setup. Differences in test circuit layout, 
ground current paths or other low frequency feedback 
circuits could require a modified decoupling network. 
Some applications may benefit from the use ofa series 
R-C damping circuit connected to ground from’pins 5 or 
3. This can consist of a 5 to 10 ohm carbon resistor in 
series with alto 10 uF, a> volt electrolytic or tantalum 
capacitor. 


Source and Load Impedances 


The modules are designed for proper operation with 
source and load impedances of 50 ohms resistive. With 
- proper decoupling, they will be stable with 2:1 VSWR 


source and load impedances, any phase angle and any 
combination of phase angles at nominal drive and power . 


- output. In addition, the rf drive and: supply voltage can 
be varied over wide ranges. Typically, during. this test, no 


spurious outputs are seen except with drive powers 
above 300 mW taken. simultaneously with supply volt- 


_ages below 4 or 5 volts. This condition of simultaneous 


high drive and low voltage will most likely never be seen 
in, actual applications, - 


Most problems with module instabilities are a function 
of poor source impedance or poor decoupling. If a ten- 
dency is seen for the module to “‘snap on” or have hys- 
teresis in the output power versus input power curve, the 
problem is most likely due to a source VSWR above 2:1 
relative to 50 ohms. To check this, put a 3 dB or 6 dB 


FIGURE 2 — UHF POWER MODULE TEST SETUP 


‘MICROLAB/ FXR AD 10N 


Signal - 
Generator 


NOTE: No Internal D.C. blocking on input pin. 


Z1, Z2 50 © Microstripline 
L1, L2 Ferroxcube VK200-20/4B 
C1, C4, C5, C6 1.0 wF Tantalum 25 V 


-MHW720 BLOCK DIAGRAM 


MHW720 Text Fixture Schematic 


C2, C3 0.1 uF Ceramic 
C7 47 uF Tantalum, 25 V 
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matched pad between the source and the module. The 
hysteresis or “snap” should disappear if the problem is 
source impedance. If “jumps” are noticed during varying 
input power conditions, the problem is most likely low 
frequency breakup due to insufficient low frequency de- 
coupling—this can be seen on a spectrum analyzer samp- 
ling the output power. If a spectrum analyzer is not 
available, an ac-coupled 10 MHz oicilloscope on the dc 
feed pins at the module will usually detect low frequen- 
cy breakup. 


_a spectrum analyzer. It has been found that at least 90 


percent of semiconductor failures during load mismatch 
tests are due to spurious breakup during the test. When 


_ the spurious problems are solved, the burnout problems 


are also solved. 


The MHW modules are 100% tested for burnout and 
spurious breakup two times during the production pro- 
cess. One test is performed after the module is com- 


FIGURE 3 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
' for 4-40 :Screw 


Input Line .~ 


Width = 0.085"; pin 7 Pins 


_ When using the module as a drop-in for other modules, it 
has been found that circuit “tweaks” made to compen- 
sate for antenna switching and output filter VSWR to 
provide optimum performance with a particular type 
module may degrade the performance of the MHW series 
modules. The output circuit in this module is a low-pass 
Chebyshev impedance transforming network. It is care- 
fully designed to provide a 50 ohm source impedance 
with a VSWR of less than 1.3:1 at 13 watts power out- 
put and 12.5 V supply. The power available to the load 
(forward power as measured by a directional coupler) 
with this module will not degrade more than 20% from 
the power set into a SO ohm load when a load with a 
VSWR of 2:1 is placed on the output and varied through 
all phase angles. This characteristic holds true through- 
out the rated frequency range of the module. 


Load Mismatch 


When performing a load mismatch capability test with 
any semiconductor device, especially in a new environ- 
ment where all sources of regeneration are not yet iden- 
tified, one should monitor the output of the device with 
a directional sampling scheme and display this output on 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031” 
€r = 2.56 


. Output Line 
Width = 0.085” 


p NOTE: 
. Mount board and module on 1/2” thick aiuainuns block for 
“heat sinking and electrical ground. Pins 2, 4 and 6 are not 
- directly connected to ground in this test fixture. Ground is 
. provided through module heat sink. 


pleted and on the heatsink, another is performed after 


the module is capped and marked. The 13 watt modules 


are tested at 17 to 20 watts output into a load with a 
return loss of less than 0.7 dB at all phase angles (greater 
than 25:1 VSWR) and the 7.5 watt modules are tested at 
10 to 12 watts into the same load. 


In summary, it is recommended that the MHW709/710 
series modules be operated under the following 
conditions: 

1. Source and load VSWR <2:1 with respect to 50 
ohms. : 

: Proper low frequency decuuoling: 


. Supply voltage of 12.5 volts applied to both pin 5 
and pin 3 with driver power adjusted for desired out- 

_ put power. a2 ge 

. Sufficient heatsinking so that module flange does not 
exceed 100° C (preferably 80° C). 


2 Flange at rf ground potential. The “ground” pins 2, 
4, and 6 are not sufficient to establish a good rf 
ground at UHF by themselves. 


When these rules are followed, the MHW709/710 series 
modules will provide the performance you expect. 
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CONTROLLED — Q RF TECHNOLOGY - — - WHAT IT MEANS, 
HOW ITS DONE = | | 


‘The difficult tanater of high frequenc y energy ae a signal 
source to the control element of an RF power transistor is efficiently 
achieved by a new design philosophy. Both monolithic and | 
hybrid IC techniques are used to include a matching network 
in the transistor pacnege and overcome this fough design problem. e 


he insertion of a matching network into an RF 

power transistor package has cured many evils 
encountered in high frequency circuit design. 
Devices using such an internal impedance match- 
-ing network have been dubbed Controlled Q 
because that is exactly what the added package 
circuitry does — it gives the power transistor a 
consistent and highly controlled electrical quality 
.(Q) factor. In a nutshell controlled Q increases 


cuaranteed gains from previously available 4 dB 


to 5 or 6 dB in the 470 MHz region at 12.5 V. 
The controlled Q means that these devices are 
easier to match into circuit networks, and offer 
better consistency of high frequency parameters 


than other, non-controlled Q RF power devices. 


"TRANSISTOR 
‘MOS CHIP OPES: 


CAPACITOR _sif 


| COLLECTOR 
CONNECTION 


CONNECTION 


l 
or 
! 1. 
= EMITTER 
| GROUNDED 


FIGURE 1 — Each base region has an internal 
matching network included in the CQ package. 


: The Old and the New? 


There are no panaceas for the complexities of 
broadband RF circuit design. With or without 
controlled Q, circuit networks must be designed 
to impedance-match the different stages. Gain 
and power output has to be optimized for the par- 
ticular application, while rg npamine. a specified 
overall circuit bandwidth. _ ; 

With older RF power devices, eee the 
2N6136, a complete interstage matching network 
had to be provided using discrete passive compo- 
nents external to the transistor package. Not 
only did the circuit take up a lot of space, but 


its overall series. component reactance limited 


design. capability — especially in: bandwidth. In 


_addition, parasitic elements caused. by the. extra. 
-components, and: package geometries interfered 


with establishing a solid signal ground. 

With newer controlled Q devices, * ‘nside- thé. 
package” construction of. some of the network. 
matching elements brings the. network closer to- 


‘the active transistor die. Not only does this elim- 


inate the number ‘of. required external compo- - 


nents, but it also. means: that: a small amount of | 
capacitance can minimize the imaginary part of 


the input impedance for maximum. bandwidth. 
Internal construction techniques help. establish. 
a better signal peound by. nemovAne most 


Parasitic, reactance: 


A Closer Look 


“Controlled 4Q transistors. use both nonalithie 
and hybrid techniques in their construction. The. 
active transistor die is fabricated using monolithic 
integrated circuit methods. A small MOS chip 
capacitor is wire bonded to the active transistor 
die thus incorporating hybrid technology. The 
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resulting total transistor package can be thought 
of as an active transmission line element for high 
frequency (to 500 MHz) amplifier design. Figure 
1 shows a portion of the device circuit. 

To meet the high power handling require- 
ments the controlled Q transistors are specially 
constructed with each of its multiple emitters 
having its own ballast resistor. These nichrome 
(NiCr) resistors, shown in the close-up of Figure 
2, have different resistance values to compensate 
for thermal differences of various portions of the 
transistor chip. This prevents overloading of some 
emitters due to temperature difference. This Iso- 
thermal* resistor design technique assures 
balanced current distribution throughout the 
transistor for more consistent apereuen at various 
power levels. 

Emitter inductance and its indesieable gain 


500 CHIP my 


CAPACITOR 


EXTERNAL COMPONENTS‘! 


CO PACKAGE 


; FIGURE 3 — Part of the transmission network inductance and 


capacitance is provided in CO transistor packages. 


Gontrened Q production methods not only 
increase device yield, but also allow all final fac- 
tory testing to be done in fixed-tuned test equip- 
ment. This means ease of final test for the 


semiconductor manufacturer, but more impor- 


reducing negative feedback are minimized in con-. 


trolled Q devices, by establishing a solid ground 
for the transistor emitters. This is accomplished 
by using the lead frame to extend the ground 


plane completely around the device. Emitter | 


wires are then attached to this ground plane. Such 
an emitter bonding technique has been shown to 
contribute more than 50% of the gain increase 
of a controlled Q device in the 470 MHz region. 
Its total gain of 5.22 dB is significantly higher 
than a non-CQ device of the same 25 W version 
that gives around 4.0 dB gain. 

Controlled Q transistors also have bonding 
wires extending from each transistor base region 
to the MOS capacitor chip and then out to the 
package base lead. These bonding wires and the 
MOS capacitor interconnect one half of an input 
impedance matching network as in Figure 3. 


*Trademark of Motorola Inc. 
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FIGURE oa A close- ups view vat the emitter -ballasting resistors. 


tantly, insures the consistency of controlled Q 
transistors from device to device. To the RF 
equipment manufacturer, this means that once 
a piece of communications gear has been designed, 
controlled Q devices can be dropped into amplifier 


_modules with a minimum of circuit adjustment 


and tuning. 
What’s Available 


Motorola’s MRF series of high frequency 
power devices are available in stripline opposed 
emitter packages which offer excellent thermal 
characteristics along with controlled Q operation. 
Available in both 12.5 V and 28 V devices, these 
transistors. listed in Table I are capable of oper- 
ating at frequencies to 900 MHz with power out- 
puts to 50 watts. 


TABLE | — Controlled Q 
RF Power Transistors 


Operation 
Voltage 


Output 
Power 
60 W 
80.W 
80 W 
100 W 


Comment 


' For VHF Large 
Signal Application 


For VHF MIL 
to 200. Mbt Aircraft and Mobile 


Operation 


For UHF 


to 512MHz *M Mobile 
Applications 


-- Device Frequency 
MFR243: 
MRF245 
MRF316 
MRF317 


12.5 V to 175 MHz 


28 V 


15 W 
25 W. 
40 W 
60 W 


MRF641 
MRF644 
MRF646 
MRF648 


For 225-400 MHz 
Aircraft and 
Mobile Operation 


MRF325 
MRF326 
2N6439 
MRF327 
MRF338 
MRF329 


MRF840 
MRF842 
MRF844 
MRF846 


30 W 
40 W 
60 W 
80 W 
80 W 
100 W 


7W 
20 W 
30 W 
40W 


‘to 500 MHz 


For 900 MHz 
Land Mobile 


to 900 MHz 
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GET 300 WATTS PEP LINEAR ACROSS 2 To 30 MHz 
FROM THIS PUSH-PULL AMPLIFIER 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


i“ “(The heat sink shown with amplifier is sufficient only for short test periods under forced air cooling.) 7 


This bulletin supplies: sufficient information to build a 
push-pull linear amplifier for 300 watts of PEP or CW 
output power across the 2- to 30-MHz band. ‘One of 
Motorola’s new high- -power transistors developed for 
single-sideband, MRF422, is used in this ‘application. 


Like all transistors in its family of devices, MRF422 
combines single-chip construction that is advancing the 
state-of-the-art, and improved packaging to accommo- 
date the low collector efficiencies encountered in class 


B operation. Rated maximum output power is 150 watts 


CW or PEP with intermodulation distortion spec’d at 
— 30 dB maximum, — 33 dB typical. Although not rec- 
ommended, a saturated power level of 240- to 250-W 
is achievable.. Maximum allowable dissipation is 300 W 
at 25°C. 


Because of its excellent load and line voltage regulating 
capabilities, an. integrated circuit bias regulator is used 
in the amplifier. The MPC 1000; originally described in 
this bulletin, consisted of a MC1723 chip and a built-in 
pass transistor. The manufacture of this device has been 
discontinued however, and the board lay-out was mod- 
ified to incorporate the above two in separate packages. 
The load regulation typically measures less’ than 2% at 
current levels up to 0.5 A, which assumes an hep of 40 
for the RF power devices. The board surface provides 
a sufficient heat sink for the 2N5990 pass transistor, but 
a separate heat dissipator, such ‘as:Thermalloy 6107 can 
be added if necessary. With the component values 
shown, the bias is adjustable from. 0.4 to 0.8 volts. 
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Transformer Construction 


Gain flatness over the band is achieved using base input 
networks R,C, and R,C; and negative feedback through | 


R; and R,. The networks represent a series reactance of 


0.69 ohms at 30 MHz rising to 1.48 ohms at 2 MHz. - 


A single-turn winding in the collector choke provides a 
low-impedance negative feedback source, thus R; and 
R, determine the amount. The reactance of C, reduces 
feedback at high frequencies with the result that feedback 


increases an average of 4 dB per octave at decreasing 


frequency. 


For continuous operation at full power CW, it is rec- 
ommended that heat sink compound, such as Dow Corn- 
ing #340, be applied between the board surface and R, 
and R,, and if possible have air circulating over the top 
of the circuit board as well. 


Optiona 

Input 

Atten- 
- uator 


fl Wt 


LINEAR AMPLIFIER 


Terminal Pins 
Feedthroughs 


Feedthrough Eyelets. . 


Stand Off's 


The effective base-to-base impedance, increased by the 
RC networks is about 5 ohms at midband. As a result 
of this and the 9:1 impedance ratio in the input trans- 
former T1, the input VSWR is limited to 1.9:1 or less 
across the band. Transformer T2, in addition to providing 
a source for the feedback and carrying the dc collector 


current, acts as the rf center tap of the output transformer. 
To construct T2, wind 5 turns of 2 twisted pairs of AWG 


No. 22 enameled wire on a Stackpole 57- oaee toroid 
(Indiana General F627-8Q1). 


POWER GAIN (dB) 


Vec = 28 V 


Pout = 300 W PEP 


VSWR 
{SOLID} 
n (%) 
(DOTTED) 


FREQUENCY has 


_ Figure 1 — Collector Efficiency, 
_ Power Gain and VSWR vs Frequency 


A Stackpole dual balun ferrite core 57-1845-24B is used 
for.T1..The secondary is made of ’%” copper braid, 


; through which three turns of the primary winding (No. 


22 Teflon® insulated hook-up wire) are threaded. The 
construction of T3 is similar to that of T1. It employs 
two Stackpole 57-3238* ferrite sleeves which are ce- 
mented together for easier construction. The primary is 
made of 4" copper braid, through which three turns of 
No. 16 Teflon® insulated wire are threaded for the 
secondary. 


and 
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300-Watt Linear Amplifier Schematic Diagram 


input 502 ‘Output 502 
Vect R5 = 
C13 
{ 
see 
bo 
i = C14 
i RQ = a 
aoe — 2 R10 a 
Vec- Vcct 
TOPIN2 | com ee 2 
Mounted. To _ R11 
Heatsink ~~» 
D1 

C1 — 100 pF. ‘ R1,R2—2 X 3.30, 1/2 W in parallel Q1,Q2 — MRF422,;-03 — 2N5990 

C2, C3 — 5600 pF R3, R4 — 2X 3.922, 1/2 W in paralfel T1, T2, T3 — See text 

C4, C5 — 680 pF 2 8 R5 —~—472,5W 

C6, C7 — 0.10 pF - : R6 — 1.022, 1/2 W All capacitors except electrolytics and C16 

C11 —470. pF - ' R7, R8—1.0k, 1/2 W : are chips — e 
_ €12,C013 — 0.33 uF RS — 18k, 1/2 W 
C14 — 10 LF — 50 V electrolytic R10 —8.2k, 1/2W Union Carbide type 1813 and 1225, 
C15 — 500 uF —-3V electrolytic R11—1.0k Trimpot or Varadyne size 18 or 14, or equivalent | 


C16 — 10006 pF D1 —2N5190 
_ 1, L2 — Ferroxcube 


VK200 20/48 Table |. Output harmonic: contents, 


L3; La'—6 ferrite beads | ‘measured at 300-W CW (all test data 
each, Ferroxcube taken using a tuned output, narrow 
56590 65/3B band signal source). 


For production quantities, the braid in T, may be made | | Qnd | 3rd | 4th | Sth | 
/£(Mhz)| (dB below the carrier) 


of brass or copper tubes with their ends soldered to pieces 
of PC board laminate. See cover picture and Motorola 
AN-749 for details. 


The bandwidth characteristics of these transformers do 
not equal those of the transmission line type, but they’re 
much easier to duplicate. 


The measured performance of the amplifier is shown 
in figures 1, 2, and 3 and harmonic rejection data in 
table I. 


*A similar product is available from Fair-Rite Products Corp., Wallkill, N.Y., 12589 
®Registered trademark of DuPont | 


PCB, chips capacitors, transformers T,, T,, T3, and ferrite beads are available from: 
COMMUNICATIONS CONCEPTS, 2648 N. Aragon Ave., Kettering, Ohio 45420. 
Telephone: (513) 294-8425 


es ee I ae eS a Nt Re a Oi oS A a | 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


meee ONNOXD —LNdiNOk mee poe 


leg = 2X 150 mA 


IM. DISTORTION (dB) 
IM DISTORTION, dg (dB) 


COON 
Cocca 


15 2 3 7 10 7 15 20 30 
FREQUENCY (MHz) POWER OUTPUT (W) PEP 
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THE COMMON EMITTER T0-39 AND ITS ADVANTAGES 


Prepared By Rich Potyka 


The common emitter TO-39 package is one of Motorola’s 
latest innovations in low-cost rf packages. It differs from 
conventional TO-39’s or TO-5’s in that the emitter, not 
the collector, is conne ted to the metal case. To achieve 
this, a BeO insulating“ block métallized on top and bot- 
tom is brazed to the can bottom and the transistor chip 
brazed to the BeO insulator. Wires are then bonded from 
the chip and insulator block to the terminals and the can 
bottom as shown in the photo. With NPN transistors, 
this configuration permits direct connection of the can 
‘to rf and negative de ground for many class B and C 
circuits. 


7ARQQAR 


Two important advantages can be derived from the 
common émitter TO-39: By connecting the case to the 
rf circuit ground, emitter inductance is reduced and gain 
increased by 3 to 5 dB over that of comparable, conven- 
tionally wired transistors. And the case may be directly 
pressed, clipped, or soldered to the heat sink with no 
effect on rf performance. This feature may eliminate the 
need for the heat radiating “‘coolers’’ because soldering 
the transistor bottom to the circuit, typically a PC 
board, improves dissipation by removing heat through 
the thick metal base rather than the thin can. 
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Fixture for Functional Testing of the Common Emitter TO-39 


MILLIMETERS | INCHES __| 
MN PMA | On| MA 
| A | 8.89 | 9.40 | 0.360] 0.370 | 
of eo fast fOst5 | 0335 

-—e | 6.10 | 6.60 | 0.240 | 0.260 
0 [0.406 0.533 | 0.016 | 0.021 | 
PE | 0.229 | 3.18 | 0.009 | 0.125 | 
[FT| 0.406 | 0.483 | 0.076 | 0.079 | 
Pe 74.83 [6.33 | 0.190 | 0.210 | 
PH [0.711 | 0.864 | 0.028 | 0.034 | 
Ps T0737 [1.02 [0.029 | 0.040 | 
(-« [i270 TT o.soo[ — | 
Pt [6.36 | — [o260, =| 
fm [aso nom | 45° Nom | 
i SA TCT 
pa | 30° NOM 
| OR | 2.54 | | 0.100; - | 


Ail JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


For example, the MRF227 was mounted in this manner 
anda 0; c¢ of 15°C/W was measured using a Barnes RM-2A 
infrared. Microscope. Compared to an MRF607 in a 
conventional package operating under identical condi- 
tions, this is greater than a 2:1 reduction in thermal 
resistance. And as side benefits, the lower 6;. also re- 
duces power slump and improves reliability. 


In many mobile radios CE-TO39 devices can replace stud 
or flange mounted stripline parts used for 1- to 4-watt 
drivers. This conversion should normally offer a signifi- 
cant savings in the cost of parts as well as the costs of 
mounting hardware and labor. 


The designer of compact handheld radio equipment will 


PLANE —~‘+—-D 


i STYLE 5: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


find the CE-TO39 offers a real advantage from the elimi- 
nation of interstage RFI or coupling because the can is 
at rf ground. Stability is usually improved and the higher 
available gain may reduce the number of transmitter 
stages. Simplified and improved cooling may. also be 
obtained by connecting the can directly to the radio 
housing or chassis. | 


To sum it up: The emitter-to-can wired TO-39 known. 
as the CE-TO39 offers the designer significant improve- 
ments in both gain and thermal performance. Because of 
its price, compared to SOE and TO-60 packages, the 
designer can use the CE-TO39 to reduce costs. And he 
can make his design easier to assemble with no loss in 
rf performance. 


MOTOROLA RF DEVICE DATA 
7-336 


EB37 


AMPLIFIER GAINS 10 dB OVER NINE OCTAVES 


Prepared by: 
Mike Hadley 
Industrial Applications Enoineet | 


The introduction of Motorola encapsulated transistors 
fabricated with ion-implanted arsenic emitters has made 
a reality of economical small-signal amplifiers with band- 
widths exceeding 1 GHz. The recently developed 
MRF901, an example of this technology, has an fp ex- 
ceeding 4.5 GHz, and a maximum noise figure at 1 GHz 
of 2.5 dB. The device package (case 302) employs the 
Motorola dual emitter bonding concept to minimize 
parasitic inductance and enhance | high-frequency 
performance. | | | ee 


Using the MRF901, an amplifier has been developed 


- which exhibits a nominal gain of 10 dB over nine 


octaves of bandwidth. The circuit design is a class A 


amplifier employing both ac and dc feedback. Bias is 
stabilized at 15 mA of collector current using dc feed- 
back from the collector.. The ac feedback from collector 


to base, and. in each of the partially bypassed emitter, 
circuits, compensates for the increase in device gain with 


decreasing frequency, yielding a flat. response. over a 
maximum bandwidth. Transistor S parameters, as pro- 
vided by the MRF901_ data sheet, and computer-aided 
circuit optimization techniques were used to choose 
component values for gain flatness, input VSWR and 
output VSWR. The described performance was achieved 
using common. high-frequency amplifier construction 
techniques and astandard printed circuit board substrate. 
Even better results could be expected from the use of 
today’s hybrid circuit technology. 


Evaluation of the amplifier shows a nominal 10 dB power 
gain from 3 MHz to 1.4 GHz. With only a minimum 


matching network used at the amplifier input, the input 
VSWR remains less than 2.5:1 to approximately 1 GHz 
while the output VSWR stays under 2:1 to approximately 
1.4 GHz (figure 2). If input impedance matching were of 
prime consideration, connecting a 2.1 pF capacitor from 
the junction of Cl and Z1 to ground (C6 in figure 1) 
would hold input VSWR below 2.2:1 over the complete 
frequency range (figure 3). Note that a slight degrada- 


tion in gain flatness and output VSWR occurs with the. 


a addition of C6. A more elaborate network design would 


probably: optimize impedance matching while: maintain- - 


: ing gain flatness. 


| The aniplifier \ was built ona olass Teflon® printed ci circuit 
board 1.8”x 1.2”.-A 2:1 reproduction of the circuit pat- 


E tern is provided in figure 4, The type OSM215 50-ohm © 


input and output connectors were mounted opposite the 


component. side to facilitate laboratory’ measurements. 
‘Board size could.be reducedto approximately half by. 


reducing the ground. plane around the circuit. perimeter. 
A combination of chip capacitors, chip resistors and” 
standard carbon resistors were used to obtain maximum 
performance at minimum cost. | 


Extra care was taken to keep all component lead lengths 
to an absolute minimum and to provide a good ground 
plane. In the interest of maintaining a good ground, 
copper foil was soldered at the board edges to connect 
the top and bottom circuit grounds, and an eyelet was 
inserted near each emitter lead. 
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Figure 1. Schematic Diagram 
i 5 ae R4 . | 
+15 Vde 
R2 C3 
C1 Z1 wy 50 2 
50 2 S MRF901 = OUTPUT 
INPUT I 
i 
eu C6 
T C5 
| 
| 
C1—C3— 2200 pF chip capacitor Z3— 0.3" x 0.125” microstrip line R4 — 560 Q carbon resistor 
C4, C5 — 6.5 pF chip capacitor R1—.200 2, 1/8’. W, +5% carbon R5, R6 15 (2 +5% chip resistor 
C6 — Optional 2.1 pF chip capacitor resistor Substrate — 1.0z. copper, double-sided glass Teflon® 
Z1 — 0.3” x 0.125” microstrip line R2— 4.3 kQ carbon resistor board 0.0625” thick, €, * 2.5 
Z2 — 0.15” x 0.125” microstrip line R3— 680 22 carbon resistor ® Registered trademark of DuPont 


Figure 2. | 
Gain and VSWR vs a 


a INPUT VOLTAGE = 10 mv 
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PEE I 
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Figure 4. Amplifier PCB Artwork 


Figure 3. 
Gain and VSWR vs Frequency with Matching Capacitor C6 
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Figure 5. Parts Layout 
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MEASURING THE INTERMODULATION DISTORTION 
OF LINEAR AMPLIFIERS: 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


The measured distortion of a linear amplifier, normally 
called Intermodulation Distortion (IMD), is expressed as 
the power in decibels below the amplifier’s peak power 
or below that of one of the tones employed to procure 
the complex test signal. 


A signal of three or more tones is used in certain video 
IMD tests, but two tones are common for HF SSB. The 
two-tone test signal provides a standard, controlled test 
method, whereas the human voice contains an unknown 
number of frequencies of various amplitudes and couldn’t 
be used for accurate power and linearity measurements. 
Separation of the two tones, for voice operation equip- 
ment, may be from 300 Hz to 3 kHz, 1 kHz being a 
standard adopted by the industry. 


Generation of the Test Signal 


The two-tone IMD test signal can be generated by a num- 
ber of means of which the following three are the most 
common: . 


System A—A two-tone audio signal is formed by algebra- 
ically adding two sine wave voltages of equal amplitude 
which are not harmonically related, e.g., 800 Hz and 1.8 


SYSTEM A 


kHz. This two-tone audio signal is fed into a balanced 
modulator together with an RF carrier, one sideband 
filtered out, and the resultant further mixed to the de- 
sired frequency and then amplified, The system is useful 
in testing complete ‘SSB transmitters: A commercial 
transmitter can also be used as a signal source for IeSHUE 
linear amplifiers. 


System B—In. this method, a signal of approximately 
500 Hz is fed into a balanced modulator together with 
an RF carrier.and amplified to the required power level. 


SYSTEM B 


The resultant is a double-sideband signal that resembles. 


a. single-sideband signal generated under two-tone sine 


wave conditions. Viewed on a'scope screen, the envelope 


produced by this method appears the same as a SSB two- 
tone pattern. However, unlike the System A test signal, 
there is a controlled and fixed phase relationship between 
the two output.tones. This.system is widely employed 
to generate the test signal for linearity measurements. 


System C—Two equal amplitude RF signals, separated in 
frequency by 1 kHz, are algebraically added in a hybrid 
coupler. The isolation between input ports must be 
high enough to avoid interaction between the two RF 
signal generators. Short-term stability (jitter) should be 
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SYSTEM C 


less than one part per million at 30 MHz. The carrier is . 


nonexistent as compared to A and B, and the two-tone 
signal is generated as the RF voltages cancel or add at 
the rate of their difference frequency according to their 
instantaneous phase angles. Because no active compo- 
nents are involved, very low IM distortion is achievable. 
This system is useful in applications where low distortion 
and low power levels are required. ) 


Except for the position of the carrier in respect to the 
two tones, displays of the signals produced by systems 
A, B and-C appear identical on a spectrum analyzer 
screen. Sometimes, however, the suppressed carrier may 
remain below the noise level of the instrument. Any 
spectrum analyzer used for SSB linearity measurements 
must. have an IF bandwidth of less than 50 Hz to allow 
the two closely spaced tones to be displayed with good 
resolution. Figure 1 shows a low distortion, two-tone 
envelope displayed on a scope screen. On a spectrum 
analyzer screen the same signal displays as two discrete 
frequencies separated by the difference of the audio fre- 
quency or frequencies. See figure.2. The display repre- 
sents the rate at which peak power occurs when the two 
frequencies are in phase and the voltages add. Thus, one 
peak contains one-fourth (-6 dB) of the peak envelope 
power (PEP). An average reading power meter would 
read the combined power of the tones, or half the PEP, 
assuming the envelope distortion is negligible. The third 
order distortion products (d3), fifth order (ds), etc., 
can be seen on each side of the tones. The actual power 
(PEP) of each distortion product can be obtained by 
deducting the number of decibels indicated by the ana- 
lyzer from the average power. This value may be useful 
in determining the linearity requirements of the signal 
source. While the maximum permissible distortion levels 
of the driver Stages ina multi-stage amplifier may be 


difficult to specify, a 5- to 6- dB margin is usually: con-_ 


sidered sufficient. 
Types of penien 


The nonlinear transfer characteristics of active devices 
are the main cause of amplitude distortion, which. is 


both device and circuit dependent. On the other hand, 
harmonic and phase distortion, also present in linear 
amplifiers, are predominantly circuit dependent. Even 
order harmonics, particularly noticeable in broadband 
designs, cause the harmonic distortion. Push-pull design 
will- eliminate most of the even-order-caused harmonic 
distortion and the driver stages, where efficiency is of 
less concern, can be biased to class A. 


Phase distortion can be caused by any amplitude or fre- 
quency sensitive components, such as ceramic capacitors 
or high-Q inductors, and is usually present in multi-stage 
amplifiers. This distortion may have a positive or nega- 
tive sign, resulting in occasions where the level of some 
of the final IMD products (d3 or ds, or both) may be 
lower than that of the driving signal, due to cancelling 
effects of opposite phases. Actual levels depend on the 
relative magnitude of each distortion product present. 


_ From the above it is apparent that the distortion figures 


presented by the spectrum analyzer represent a combina- 
tion of amplitude, harmonic and phase distortion. 


Measurement Standards 


- As indicated earlier, ‘there are two oe methods of 


measuring the IM distortion: 


Method 1—In military stincurd (1 131 A204), the dis- 
tortion products are referenced to one of the two tones 
of the test signal. The maximum permissible IMD is not 
specified: but, numbers like -35 dB are not uncommon in 
some equipment specifications. However, when this 
measuring system is employed in industrial applications, 
the IMD requirement (d3) is usually relaxed to —30 GB. 
Figure 3 shows the frequency spectrum of IM distortion 


products and their relative amplitudes for a typical class 


AB linear amplifier. Biasing the amplifier more toward 
class B will cause the lower order distortion products to 


-go down and the amplitudes of the higher order products 


to increase. There is a bias point where the d3 and ds 
products become equal resulting in2—5 dB improvement 
in the lower order IMD ee 


Method 2—-In the proposed EIA standard, the amplitude | 


of the distortion products is referenced to the peak en- 


velope power, which is 6 dB higher in power than that 
represented by one of the two tones. The amplifier or 
device indicating a maximum distortion level of -30 dB 
in Method 1 represents ~36 dB with the EIA proposed 
standard. Conversely, a -30 dB reading with EIA’s PEP 
reference would be —24 dB when measured with the 
more conservative military method. In practical measure- 
ments, the two tones can be adjusted 6 dB down from 
the zero dB line, and direct IMD readings can be obtained 
on the calibrated scale of the analyzer. Alternatively, the 


~ tone peaks can be set to the zero dB level and 6 dB de- 


ducted from the actual reading. 
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FIGURE 1. Two-tone test pattern generated by A, B or Cc. | 
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FIGURE 2. Test signal of figure 1 displayed by. a spectrum analyzer. 3rd 


and Sth order distortion products are visible. 
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FIGURE 3. Typical distribution of distortion product amplitudes 
compared to the two fundamental frequency components. 


The military standard, with the relaxed —30 dB IMD 
specification, is employed by most manufacturers of 
high power commercial transmitters and marine radio 
base stations. *The EIA measuring method is used by 
the majority of ham radio equipment and CB radio man- 
ufacturets. It is also used to measure IMD in various 


‘mobile radio applications operating from a 12.5-V nomi-. 


nal de supply. 

Because of the importance to your design, data sheets of 
the newer generation Motorola devices specify linearity 
tests appropriate to the expected application of the par- 
ticular device and test conditions are always indicated. — 


*FCC specifications are now in effect covering maximum 
“permissible distortion up to the 11th order products. 
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-140W (PEP) AMATEUR RADIO LINEAR AMPLIFIER 2-30 MHz 


65 CRFCT 


R3y 


Q2 


C3 


TO ANT 


D1 


Ci 


TO RADIO™ 


a es C21 ‘Ré i C22 
The popularity of 2-30 MHz, SSB, Solid State, linear 30 MHz, and 12.5 Vdc. The MRF454 is used. because it 
amplifiers is increasing in the amateur market. This EB is a readily available device and has the high saturation 
describes an inexpensive, easy to construct amplifier and power and ruggedness desired for this application. This 
some pertinent performance information. The amplifier device is not characterized for SSB. However, IMD specs 


uses two MRF454 devices. These transistors are specified for the amplifier are shown in Figures 2 and 3. | 
at 80 Watts power output with 5 Watts of input drive, | % 2 : | 
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THE AMPLIFIER oo . _ NOTE: Parts and Kits for this amplifier are available 
from: 
The performance of the amplifier can be seen in Figures Cc ae 
1, 2, 3, 5, 6, 7 and 8. The quiescent current is 500 mA ommnicalone voncepis 
on each device. This amount of bias was needed to pre- au Brown St. 
* = ‘ : : ayton, Ohio 45402 
vent “cross over” at the higher output powers during SSB (513) 220-9677 
operation. The amplifier operates across the 2-30 MHz 
band with relatively flat gain response and reaches gain 
-saturation at approximately 210 Watts of output power. 
Figure 5 depicts the amplitude modulated waveform with ez 
' respect to a 100-Watt carrier. Figure 6 depicts the in- 
creased amplitude modulation at 50-Watt carrier. In both | 
cases the peak output power is equal to approximately . 
210 Watts due to the saturation of the MRF454. The 50- 
Watt carrier is thus recommended in any amplitude mod- 
' ulated applications. _- 


The bias diode D2 has been mounted in the heatsink for 
temperature tracking. The cathode is pressed into the 
_ heatsink and the anode extends through the circuit 
board. (See Figure 9.) Both input and output trans- 
formers are 4:1 turns ratio (16:1 impedance ratio) to 
achieve low input SWR across the specified band and a 
high saturation capability. T1* is made from FairRite 
Products, ferrite beads, material #77, .375” O.D. x .187/ 
.200”1.D. x .44L”. T2* is made from Stackpole Co. ferrite 
sleeves #57-3238-7D. 


Pout, Power Output, Watts (PEP) 


CoC 
PECEECEDER 


3 
Pin, Power Input, (Watts PEP) 
FIGURE 1—Pout vs. Pin, 30 MHz, 13.6 Vde 


When using this design, it is important to interconnect 
the ground plane on the bottom of the board to the top; 
especially at the emitters of the MRF454s. Eyelets were 
used in this design, which are easier to apply, but #18 
AWG wire can be used. On the photomask, (see Figure 
10) “:” signifies where the ground plane has been inter- 
connected. The letter “O” designates where the 4—40 

screws are installed to fasten the board to the heatsink. 
6-32 nuts are used as spacers on the 4—40 screws be- 
tween the board and the heatsink to keep the board from Poute Power Output, (Watts PEP) 
touching the heatsink. | . 


IMD, intermodulation Distortion, (dB) 


_ FIGURE 2—Intermodulation Distortion Versus 
Pout, 30 MHz, 13.6 Vdc 


THE DESIGN 


_ This amplifier was designed for simplicity. The design 
_ goal was to allow repeatability of assembly and reduce 
the number of components used. The amplifier will accept 
Single Side Band or Amplitude Modulation without ex- 
ternal switching. A carrier operated relay circuit is on 
_ the same layout to make this an easy amplifier to add 
on to any suitable radio with an RF output of 1.0-5.0 
Watts. All components used are readily available at most 
distributors and are relatively inexpensive. 


IMD Distortion (dB) 


150 2 3 4 7 10 15 = 20 30 
*Ref: Application Notes eet: ; tan 8 Frequency (MHz) 
-AN749 BroadBand Transformers and Power Combining - 
Techniques for RF —H.Granberg : : FIGURE 3—IMD vs. Frequency, Poy~ = 140 Watt PEP,,13.6 Vdc 


AN762 Linear Amplifiers for Mobile Operation — H. Granberg 
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33 pF Dipped Mica ~ : | , 100. Q 1/4 W Resistor 
| 18 pF Dipped Mica : : 9 Ferroxcube Beads on #18 AWG Wire 
10 uF 35 Vdc for AM operation, 1N4001 
100 uF 35 Vdc for SSB operation. 1N4997 
1 uF Erie 2N4401 
10 wF 35 Vdc Electrolytic MRF454 
1 pF Tantalum — 16:1 Transformers 
.001 pF Erie Disc | : : 910 pF Dipped Mica 
330 pF Dipped Mica | ~ C21> 1100 pF Dipped Mica 
- 100 kQ 1/4 W Resistor C10 24 pF Dipped Mica _ 
-10k921/4W Resistor C220 = - 500 uF 3 Vdc Electrolytic 
33 02.5 W Wire Wound Resistor : Potter & Brumfield oe 
1021/2W Resistor | 7 - _KT11A 12 Vde Relay or Equivalent 


; FIGURE 4—Schematic Diagram 
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Amplitude Modulated. Waveform with 
Superimposed Carrier. Carrier Condi- 
tions: f = 30 MHz; Pip = 2.2 Watts; 
Pout = 100 Watts (carrier); Vcc =" 
13.6 Vdc . 


FIGURE 5 


Amplitude Modulated Waveform with 
Superimposed Carrier. Carrier Condi- 
tions: f = 30 MHz; Pin = 1.3 Watt; 
Pout = 50 Watts; Vec = 13.6 Vde 


FIGURE 6 
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Frequency Spectrum, 30 MHz (F(g), 2nd, 3rd, and 
5th harmonics are visible). Vertical resolution: — 
10 dB/div. Horizontal 2OMH2/div. 


FIGURE 7 


INTERMODULATION DISTORTION, 30, 30.001 
MHz (3rd, 5th, 7th, 9th) order distortion products 
are visible. Vertical resolution: 10 dB/div. Horizontal: 
“TIKHz/div.: 


FIGURE 8 


4-40 Screw Anode Lead of IN4997 


PC-Board 
6-32 Nut Spacer 


Milli Ll i AOS 


IN4997 


FIGURE 9 — Mounting Detail of IN4997 and 6-32 Nut (Spacer) 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


Sats a 


FIGURE 10—Photomaster (Positive) 


Note: The use of this amplifier is illegal for Ciass D Citizen Band service. 
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A 10 WATT 225-40 


Prepared by 
Dave Hollander 
RF Power Engineering 


This bulletin describes a broadband amplifier covering 
the 225~400 MHz military communications band pro- 
ducing 10 watt RF output power and operating from 
a 28 volt supply. The amplifier can be used as a driver for 
higher power devices such as 2N6439 and MRF327. 
Typical performance curves are shown in Figures 5, 
6, and 7. 


Circuit Description 

The circuit is designed to be aver by a 50 ohm source 
and operate into a nominal 50 ohm load. The input 
matching network! consists of a m-section composed of 
C3, C4, Z2, C5 and C6. C2 is a de blocking capacitor, 
and Tl is a 4:1- impedance ratio coaxial transformer. Z1 
is a 50 ohm transmission line. A compensation network 
consisting of R1, C1, and L1 is used to improve the input 
VSWR and flatten the gain response of the amplifier. 
L2 and a small ferrite bead make up the base bias choke. 

The output network is made up of a microstrip 
L-section consisting of Z3 and C7, and a high pass section 


consisting of C8 and L3. C8 also serves as a de blocking: 


capacitor. 


FIGURE Tt — Component Layout of the Amplifier 


0 MHz ANIPLIFIER — MRF331 


Collector decoupling is accomplished through the use 
of L4, L5,C9,C10,C11,C12, and C13. 


Construction 

The circuit is constructed on a 3.375 X 2.5 inch 
(8.57 X 6.35 cm) double sided PC board. Board material 
is 3M Glass Teflon,* with a thickness of 0.031 inch 
(0.0787 cm). Glass Teflon was selected for its low loss 
and dielectric consistency. Figure 2 is a 1:1 scale photo- 
master print of the top side of the board. Eyelets are 
placed at the points marked by plus signs. The eyelets are 
soldered to both sides of the PCB to control ground 
current return paths. The edges of the transistor mounting 
hole beneath the emitter leads are also wrapped, using 
copper foil soldered in place to insure a solid emitter 
ground.2;3 Due to a ground imbalance caused by the 
transformer, a component placement layout of the RF 
circuitry is shown in Figure 1. It is important that this 
layout is followed in order to duplicate performance. 
Construction details of the 4:1 transformer are shown 
in Figure 4. 


*Registered Trademark of Dupont 


MRF331__GAIN BLOCK DSH 


NOTE: The Printed Circuit Board shown is 75% of the eniainal 


FIGURE 2 — Printed Circuit Board Layout 
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Output 


“ft 


C1—8.2pFChip* | ae nee ee . R1 — 36 Q 1/4 Watt 
C2 — 270 pF Chip* t ; ; , : 
Basa a ones T1 — 25 2 Subminiature Coax (Type UT34- 25) — 


C4, C7 — 15 pF Chip* — 1.75 inches (44.45 mm) long 


C5, C6 — 50 pF Chip* . |. 21 — Microstrip Line 

C8 — 82 pF Chip* ; . . . ; 720 mils L X 162 mils W 
C9, C12 — 680 pF Feedthru . . . 18.29 mm-L X 4.115 mm W 
C10, C13 — 1-0 uF 50 V Tantalum 


: 22 _ Microstrip Line 
C11 — 0.1 uF Erie Redcap 


680 mils L X. 162 mils W 
L1, L3 —3 Turns #22 AWG 1/8” (3.175 mm) ID 417.27 mm L X 4.115 mm WwW 
L2 — 0.15 wH Molded Choke 


L4 — 0.15 wH Molded Choke with Ferroxcube Bead 23 =e MC COstnp eine 
(Ferroxcube 56-590-65/4B on Ground pad 22 Osh OO lay 
55.88 mm L X 1.27 mm W 
of Choke) . 
L5 — Ferroxcube VK200-19/4B - Board — 0.0625’' (1.588 mm) Glass Teflon, 
= 2.56 
*100 mil A.C.1. Chip Capacitors 


Q1 — MRF331 


FIGURE 3— Schematic Diagram and Component List 


SCHEMATIC REPRESENTATION 


A B 7 
502 12.52 


Transformer Dimensions 
(not to scale) 


(A) — 1.75 inches (4.445 cm) 


— 0.1875 inch (0.476 cm) 


Transformer Connections 


FIGURE 4 — Construction Details of 
4:1 Impedance Ratio Transformer 
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pas 5 — Power Gain and Efficiency versus Frequency 


FIGURE 6 — Output Power versus Input Power 
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FIGURE 7— Input VSWR versus. Frequency 
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FIGURE 8 — Amplifier Assembly 
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A 60-WATT 225-400 MHz AMPLIFIER — 2N6439 


Prepared by 
Dave ‘Hollander 


' This bulletin describes’ ¢ a 60 watt, 28 ait broadband . 


amplifier covering the 225-400 MHz military com- 
munications band. The amplifier may be used singly as a 


60 watt output stage in a 225-400 MHz transmitter, or by | 
using two of these amplifiers combined with quadrature. - 


couplers, a 100 watt output amplifier stage may be.con- 


structed. Typical performance curves of gain, efficiency, 


and input SWR are shown in Figures 5,6, and 7. 


Circuit Description 

This circuit is designed to be driven from a 50 ohm 
source and work into a nominal 50 ohm load. The input 
network consists of two microstrip L-sections composed 
of Z1, Z2 and C2 through C6. C1 serves as a dc blocking 
capacitor. A 4:1 impedance ratio coaxial transformer T1 
completes the input matching network. L1 and ferrite 
bead serve as a base decoupling choke. 


The output circuit consists of shunt inductor L2 at | 


the collector, followed by two microstrip L-sections 


_composed of Z3, Z4 and C8 through C11. C12 serves as 


FIGURE 1 — Component Layout of the Amplifier 


a dc. blocking capacitor, and is followed by another 4:1 
impedance ratio coaxial transformer. 
Collector decoupling is accomplished through the use 
of L3, L4, oe through C16 and RI. 


onsiniction. 

The circuit is constructed on a 3.375 x 2.5 inch (8.57 
X 6.35 cm) double sided PC board. Board material is 
3M Glass Teflon*, with a thickness of 0.031 inch (0.0787 
cm). Glass Teflon was selected for its low loss and dielec- 


_ tric consistency. Figure 2 is a photomaster print of the 


top side of the board. Eyelets are placed at the points 
marked by a plus sign to carry the top ground to the 
bottom side ground return. The edges of the transistor 
mounting hole beneath the emitter leads are also wrapped, 
using copper foil soldered in place to insure a solid emitter 
ground.(1,2) Construction details of the 4:1 transformers 
are shown in Figure 4. 


*Registered Trademark of DuPont 


"Oy 
2IN6439 GAIN BLOCK DSH 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 2 — Photomaster of Circuit Board 
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c9 C10 
ms t oe | ia The iil 
All Chip Capacitors are 100 mil TDK- AC! a 


C1 — 63 pF Chip ‘Style. FC282 BAG . Z1 — Microstrip Line 


Coe eee ag L1 —'0:15 WH Molded Choke with Ferroxcube Mecha uscaneh ates 
eo ea ee Cp . Bead #56-590-65/4B on ground end of coil 20.32 Wl Ke®, #13 ry 
C4 —15 pF Chip a Z2-— Microstrip Line 


L2-—1T #22 AWG, 1/8" ID . < 
C5,C9—30pFChip ee ab eee na ee © 200 mils LX 225 mils W 


C6, C7 — 50 pF Chip | a, Gee ee Gee is | 6,08 mm L X 8.715 mm W 
C10— 10pF Chip . ee ; ae 23, 24 — Microstrip Line | 
C11—5.1pF Chip | Q1 — 2N6439 > 550 mils L X 125 mils W 
C12 — 150 pF Chip af 13.97 mm L X' 3.175 mm W 
C13 — 270 pF Chip R1 — 10 2 2 Watt . 
C14, C16 — 680 pF Feedthru (71,72 —-25 2 Subminiature Coax (Type UT25): 
C15 — 1.0 uF 50 V Tantalum — ; 2.25 inches (57.15 mm) long 


Board — 0.031” (0.787 mm) Glass Teflon 
€, = 2.56 


FIGURE 3 — 2N6439 60 Watt Building Block 225-400 MHz 


SCHEMATIC REPRESENTATION 


- #502 0 = ©1250 


Transformer Dimensions 
(not to scale) 


— 2.25 inches (5.715 cm) 
— 0.1875 inch (0.476 cm) 


(2) Transformer Connections 


FIGURE 4'— Construction Details of the 4:1 Unbalanced to Unbalanced Transformers 
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AMPLIFIER PERFORMANCE 


FIGURE 5 — Power Gain versus Frequency 


FIGURE 6 — Output Power versus Input Power 


Efficiency versus Frequency 
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FIGURE 7 — Input VSWR versus Frequency 
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FIGURE 8 — Amplifier Assembly 
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NOTE: A 10 Watt 225-400 MHz Amplifier-MRF331 is 
described in Engineering Bulletin EB-74. 
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‘A1-WATT, 2.3 GHz AMPLIFIER 


| Prepared by 
Mike Miceli 


Introduction 


Simplicity and repeatability are featured in this 
l-watt S-band amplifier design. The design uses an 
MRF 2001 transistor as a common base, Class C ampli- 
fier. The amplifier delivers 1-watt output with 8 dB 
minimum gain at 24 V, and is tunable from 2.25 to 2.35 
GHz. Applications include microwave communica- 
tions equipment and other systems requiring medium 
power, narrow band amplification. A photograph of 

the amplifier is shown in Figure 1. 


Circuit Description 


The amplifier circuitry consists almost entirely of 
distributed microstrip elements. A total of six addi- 
tional components, including the MRF2001, are 
required to build a working amplifier. Refer to Figure 2 
for the schematic diagram of the amplifier. 


FIGURE 1 — 1-W, 2.3 GHz Amplifier 


Vec 
#24 Vde 


MRF2001 RF 


Output 


Ci — 0.4-2.5 pF Johanson 7285* Board Material — 0.0625” 3M Glass Teflon,*** 

C2, C3 — 68 pF, 50 mil ATC** €r = 2.5+0.05 

C4 — 0.1 pF, 50 V *Johanson Manufacturing Corp., 400 Rockaway Valley Road, Boonton, NJ 07005 
C5 — 4.7 uF, 50 V Tantalum ** American Technical Ceramics, One Norden Lane, Huntington Station, NY 11746 
***Registered Trademark of Du Pont 


Z1-Z10 — Microstrip; see Photomaster, Figure 3 


FIGURE 2 — Schematic Diagram 
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The input and output impedances of the transistor 
are matched to 50 ohms by double section low pass 
networks. The networks are designed to provide about 
3% 1dB power bandwidth while maintaining a collec- 
tor efficiency of approximately 30%. There is one 
tuning adjustment in the amplifier — C1 in the output 

‘network. Ceramic chip capacitors, C2 and C3, are used 
for DC blocking and power supply decoupling. Addi- 
tional low frequency decoupling is provided by capac- 
itors C4 and C5. Refer to Figure 3 for a 1:1 photomaster 
of the circuit boards. 


WATT 2.3GHz AMP 


NOTE: The Printed Circuit Board shown is 75% of the original. 
FIGURE 3 — Circuit Photomaster | 


| 2.290 Re 


2.875 1.960 | 1.450 0.250 
3.125 — 1.700 0.000 


Amplifier Assembly 


The circuit boards are mounted on a 3.125” x 1.875” 
x 0.750” aluminum block. A 0.062” deep and 0.260” 
wide slot is milled in the heat sink as shown in 
Figure 4. 

The transistor mounts in the slot with two 4-40 
screws. An alternate approach that would eliminate 
the need for milling is the laminated structure shown 
in Figure 5. 

Using the laminated assembly, the transistor is 
mounted on the surface of the block and 0.062” alumi- 
num shim stock is sandwiched between the block and 
the circuit boards. Connector mounting plates are 
required if SMA type connectors are used for the RF 
input and output. The SMA connectors can be fastened 
directly to the block if the milled approach is used. 
Either method results in the same performance for this 
1-watt design. The laminated structure, however, may 
not be suitable for higher power designs. With higher 
power levels the transistor impedances are lower. The 
RF ground impedance through the laminated metal 
may be sufficiently high to impair gain and stability. 
This point emphasizes the fact that the successful 
design of RF amplifiers is dependent not only on atten- 
tion to electrical considerations, but to the physical 
construction as well. While construction related para- 
sitics cannot be totally ignored at medium frequencies, 
they can pose serious problems at microwave 
frequencies. It is recommended that the following con- 
struction techniques be followed when building this 


. amplifier. Refer to Figure 6 for the component 


placement diagram. 


Material — Aluminum 
All dimensions in inches 


A — Board Mounting Holes, Tap 2-56 8 Places 
B — Device Mounting Holes, Tap 4-40 2 Places 


C — Mounting Holes for SMA Type Connectors, Tap 2-56 4 Places 


0.000 0.770 1.110 1.875 


0.000 0.000 
0.062 0.083 
0.750 


FIGURE 4 — Amplifier Heat Sink 
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Circuit Board 


ULLLEP LLL LLL 


Aluminum Block ——» 


: LLLLL ELLA LLL ALAA 
Aluminum Shim Stock —[_ 7] pa Se ee 


SMA Extended 
Dielectric Connector 


Connector 
Mounting Plate 


FIGURE 5 — Laminated Assembly 


* Foil Wrap Asterisked Edges to Bottom Ground Plane 


C1 


C2 


FIGURE 6 — Assembly Diagram 


Construction Notes 


1. The transistor is fastened to the heat sink with 
two 4-40 screws. The mounting surface should be flat 


and clean. Thermal compound should not be used on » 


the underside of this device; the flange provides the 
transistor base connection and must make good elec- 
trical contact with the heat sink. The wide lead is the 
emitter and the narrow lead is the collector. 

2. The edges of the boards marked with an aster- 
isk (see Figure 6) must be foil wrapped to the bottom 
ground plane to provide a low impedance RF ground 
connection for C3, C4, C5 and the emitter choke, Z9. 
This is accomplished by soldering a 1/4”-wide strip of 
1- to 5-mil thick copper foil to the top ground plane and 
then wrapping it around the edge of the board. The 
other edge of the foil is soldered to the bottom ground 
plane. 

3. Use a #31 drill bit to drill the board mounting 
holes. With the transistor already mounted to the heat 
sink, slide the boards into position so they butt up 
against the transistor. This will insure that the excess 
lead inductance of the transistor is kept toa minimum. 
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The boards can now be fastened to the heat sink and 
the remaining components mounted. 

4. Use a minimum of heat when soldering C2 and 
C3. Excess heat could cause the end metal of the chip 
capacitor to separate from the ceramic. 

5. Cl is a miniature variable capacitor whose 
high self-resonant frequency makes it ideal for use at 
microwave frequencies. The package design makes it 
very convenient to use wherever a shunt capacitive 
element is des‘red and is used here to vary the capaci- 
tance of microstrip stub, Z5. The capacitor is mounted 
by drilling a 0.120” diameter hole (#31 drill bit) at the 
point indicated in Figure 6. Using the circuit board as 
a template, mark the point on the heat sink directly 
below the mounting hole. Since the capacitor is 
slightly longer than the thickness of the board, a 
clearance hole is needed at this point. The bottom of 
the capacitor is soldered to the ground plane on the 
bottom of the board. The flange of the capacitor is 
soldered to Z5. Avoid getting solder into the area above 
the flange as this will prevent the movement of the 
tuning piston. 


EB89 


FIGURE 7 — Performance Curves 


Performance Data 


Amplifier tune-up is accomplished by adjusting Cl 
for maximum output power with minimum collector 
current. The amplifier will tune from 2.25 to 2.35 GHz 
while maintaining an input VSWR of less than 2:1. 
Typical performance curves appear in Figure 7. 
Figures 7a and 7b show performance with the 
amplifier re-tuned for each frequency. Figure 7c 
shows performance without re-tuning. Note from 
Figure 7c that the instantaneous 1 dB bandwidth is 
approximately 70 MHz with the amplifier tuned to a 
center frequency of 2.3 GHz. 


Pout, OUTPUT POWER (WATTS) 


80 100. 120 140 ~ 160 
P.,, INPUT POWER (mW) 


FIGURE 7a — Output Power versus Input Power 
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FIGURE 7b — Output Power versus Supply Voltage FIGURE 7c — Output Power, Efficiency and 


VSWR versus Frequency 


NOTE: The MRF2001 is one of a family of 2 GHz power transistors with RF 
output powers as indicated below: 


MRF2001 1 W MRF2005 5 W 
MRF2003 3 W MRF2010 10 W 
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LOW-COST VHF AMPLIFIER HAS BROADBAND 
PERFORMANCE 


Prepared by 
Ken Dufour 


Introduction 

This bulletin presents two VHF amplifier designs 
intended for FM or CW service in the 136-174 MHz 
band. Both amplifiers feature the Motorola MRF260 


and MRF 262 plastic encased VHF transitors which 


are rated at 5.0 W and 15 W power output respectively. 
This new series is derived from a line of highly 
successful device types of similar capability, but 


packaged in a standard configuration, (i.e., stripline 


packages). The MRF260 and MRF262 are in a 
standard TO-220 silicone epoxy case with the emitter 
wired to the metal tab and center lead of the device. 
This common emitter configuration results in good 
RF performance, improved thermal conductivity, 
and ease of mounting in an RF amplifier, by con- 
necting the transistor mounting flange to RF and 
DC ground. 


FIGURE 1 — Engineering Models. A Common Board Layout is Used for Both Versions 
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FIGURE 3 — 160-174 MHz Amplifier 
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FIGURE 4 — Schematic Diagram of Dipped Silvered Mica Capacitor Version (136-160 MHz) 


C1 — 200 pF a on ner Q2 — MRF262 


C2 — 33 pF -C11:— 100 pF oo-2 Se : 3% RFC1, RFC2 — 2 Turns #26 Enameled 

C3 — 47 pF 12 — 1.0 pF Tantalum pang : : ". ‘on Ferrite Bead Ferroxcube 56-590-65/3B 
C4 — 18 pF C18, C14 — 0.05 uF Erie Redcap ~~ RFC3 — 10 wH Molded Choke 

C5, C8 — 43 pF . ~~ L1-L5 — Printed Inductor ef RFC4 — 0.15 wH Molded Choke 

C6 — 12 pF —: L3— 1.257 #18. AWG, 1-1/2 Turns, 9/64 ID -RFC5, RFC6 — VK200-4B 

C7, C9 — 50 pF — ai -MRF260. ee. é BIE. B — Bead, Ferroxcube 56-590-65/3B 


FIGURE 5 — Component Placement, 136-160 MHz Amplifier 
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' FIGURE 6 — Schematic Diagram of Chip Capacitor Version (160-174 MHz) 


1 — 220 pF, TDK 100 mil Chip Capacitor ~ aa. L1-L5 — Printed Inductor 


C2 — 43 pF, TDK 100 mil Chip Capacitor. mas L3 — 5/8” #18 AWG Wire formed into: hairpin loop 

C3 — 150 pF, TDK 100 mil Chip Capacitor — ; ~ Q1— MRF260 

C4 — 15 pF, TDK 100 mil Chip Capacitor ; ~ Q2 — MRF262 

C5 — 63 pF, TDK 100 mil Chip Capacitor -RFC1, RFC2 — 2 Turns #26 Enameled Wire 

C6 — 27 pF, TDK 100 mil Chip Capacitor through Ferrite Bead Ferroxcube 56-590-65/3B 

C7 — 22 pF, TDK 100 mil Chip Capacitor RFC3 — 0.15 w#H Molded Choke 
C8 — 100 pF, TDK 100 mil Chip Capacitor RFC4 — 10 nH Molded Choke 

C9 — 1.0 uF Tantalum - RFC5, RFC6 — VK200-4B 

C10 — 0.1 uF Erie Redcap, 100 V General Purpose _B — Bead, Ferroxcube 56-590-65/3B 


C11 — 0.05 uF Erie Redcap, 100 V General Purpose . 


FIGURE 7 — Component Placement, 160-174 MHz Amplifier 
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FIGURE 8 — Power Output versus Frequency, FIGURE 9 — Power Output versus Frequency, 
136-160 MHz Amplifier | 160-174 MHz Amplifier 
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Design Considerations 

The lower frequencies (136-160 MHz) are serviced 
by a design utilizing low-cost dipped silver mica 
capacitors. For a broadband response in the higher 
frequencies; (160-174 MHz), low inductance, ceramic 
chip capacitors are used. 

Ease of assembly, repeatability and fast economi- 
cal construction received the utmost consideration 


in the design of this amplifier. TO-220 devices . 


result in a low profile circuit which minimizes the 


volume occupied by the amplifier. Additionally, the 


MRF262 transistor used in the output stage is a> 


rugged device, able to tolerate high load SWR 
conditions. Maximum use of printed inductors 
assures good repeatability. 

Both amplifiers utilize stagger tuned networks to 
enhance bandwidth. Additionally, each design 
retains excellent gain and stability characteristics 
when narrow banded. All of these merits are 
attributed to optimum device gain and the 
reasonably high inter-stage impedance levels 
incurred at these power levels. 


Circuit Description | 
The amplifier has two stages and uses 5.0 W and 


15 W rated transistors to accomplish the desired 


gain and power output. Two stage transmission line 
Chebyshev networks accomplish coupling and 
impedance transformation at the input and output. 
Nominal impedance levels are 50 ohms, while the 
interstage network transforms device impedances 


directly. Values for the reactive elements of these 


networks were almost entirely generated by 
computer aided design. Although the interstage 
network is straight forward in design, it required 
some modification and refinement of computer 
generated values to achieve the final results and 
accomodate available component values. 


. Cénsteuction 


‘The amplifier is assembled on double- sided G-10 


fiberglass board with loz. copper cladding. The 
format is 2.0” x 3.5” and a photomask is provided 


(Figure 13). Some method of electrically connecting 


the upper and lower ground plane is required. Eye 
lets or plated through holes are recommended, but 
alternative measures such as short pieces of wire 
soldered to both planes. can be used successfully. 
Failure to provide an adequate or consistent ground 
plane may result in poor RF performance, instability, 


and unpredictable tuning. The reverse side of the. 


board retains all copper and forms the ground plane. 


Component placement andtherecommended. 


position of grounding eyelets is shown in Figures 13, 
5, and 7. All component leads are positioned and 


soldered above the board. There are no. through 


connections other than grounding points. This 


facilitates component positioning, replacement, 


and accessability. The transistors are-fitted into a 


0.4” by 0.65” opening in the board and are installed. : 


directly against the heat sink. A coating of heat. 
sink compound such as Dow Corning 340. between | 


each device and the heat sink i Improves thermal —_ 


contact and helps prevent power slump. - 


At frequencies beyond 100 MHz, dipped silver mica 
capacitors generally become inductive; and do so 
with a high degree of unpredictability. This 
phenomenon is also dependent upon component > 
value and becomes more pronounced with an 
increase in frequency. (Ref: 1, 2, 3). To ‘maintain 
predictable performance beyond 160 MHz, a second. 


layout featuring ceramic chip capacitors is offered 
_ (Figure 3, 6, 7). The design of these capacitors allows 
_ them to remain capacitive beyond the VHF frequen- 
‘cies. Maintaining the bandwidth of 160-174 MHz 


with this circuit board, the networks become lossy 
and power output suffers slightly. Variable 
capacitors may make this condition more tolerable 


and can be installed in the input and interstage 


networks. In some cases the ease of adjustment and 
added flexibility would ee the added cost of 
the variable capacitors. 

Performance 


~Normally, this amplifier will not require etnine 
provided that components are as described and are 
positioned as shown on Figure 5 and 7. If an accurate 
method of measuring power is available, a quick 
check of amplifier performance can be accomplished 


_ by comparing its parameters with the performance 
data of Figures 8 through 11. Drive must be 


maintained at 220 mW (+20 mW)and Vc held to 12.5 
Vdc to accurately reproduce the overall response 
noted here. Allow some degree of tolerance (10%) in 
output power to account for differences inherent in 


component values and transistor performance. To 
‘assure broadband performance and tailored 
frequency response, the amplifier should be checked 


using a swept frequency generator capable of 


200-300 mW output. Tuning for maximum power out 


and minimum reflected power at band centers will 
not necessarily provide a broadband response. 
Figures 8 through 11 graphically depict typical levels | 
of performance achieved with this amplifier. Either 


version is stable into higher than 3:1 VSWR load 
. mismatch at all phase angles. The output device is 


tolerant of short term operation into an open or short 


- circuit load at full drive. 


Harmonic content of a 150. MHz signal at the out- 
put of the. dipped silver mica version is illustrated in 


-..- Figure 12. The 2nd harmonicis approximately -50dB 


with respect to the fundamental. This level of 
performance. cannot be maintained across the entire 


a band, therefore, some additional filtering of the 


output signal will be required to meet more stringent 


~ requirements. 


“With the amplifier iveunted: on ola stock, 
2.0” x 8.5” and 0.090” thick, a 25% duty cycle(1 minon, 
4 min off) produced a temperature of 50°C (122°F) 


_after two hours of operation. A 50% duty cycle(1 min 


on, 1 min off) raised this temperature to 60°C (140°F) 
and full key down operation caused a stabilized 


~ temperature of 80°C (176°F). All temperatures were 


measured on the heat sink at the final device with 
output power maintained at 15 watts. One can safely 


- assume that a panel on the outside edge (i.e., back- 
side) of a transceiver could be pe sed asa 
heat sink for this ‘amplifier, 
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60 WATT VHF AMPLIFIER USES. 
SPLITTING/COMBINING TECHNIQUES 


Prepared by 
Ken Dufour 
RF Product Group 


Using proven combining techniques to obtain 
higher output power or added reliability at VHF can be 
accomplished with excellent results. Simple matching 
networks and power transistors featuring moderate 
‘gain capability can produce a level of performance 
comparable to that of a single-stage amplifier using 
a larger, more expensive device. Though not the 
ultimate answer in VHF amplifier design, the splitter/ 
combiner method does have distinct advantages over 
designs that brute force the transistors into a parallel 
configuration. Current hogging and reduced imped- 
ance level problems associated with that technique 


are minimized. The exotic materials or expensive 
board layout required to produce a true push-pull 
design operating at VHF again makes combining 
techniques more appealing. 

This 60 W amplifier operates from 150 to 175 MHz 
and features two, low-cost Motorola MRF264 transis- 
tors: These devices are designed for operation at VHF 
and individually produce 30 watts. of rated output 
power and 6.0 dB of gain with a 12.5 volt supply. The 
amplifier design makes use of a modified Wilkinson 
combiner technique to produce 60 watts output with a 
drive level of 15 watts. 


FIGURE 1 — Engineering Model 
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Design Considerations 

Experimental work with 90° (quadrature) couplers 
proved unsuitable for this application. Generally, they 
are sensitive to mismatch and tend to create instability 


and loss of power when used in an amplifier. In-phase ~. 
(Wilkinson) couplers provide an adequate solution to 


this problem. (Ref: 1) They are relatively insensitive 
to phase changes and offer good: bandwidth 
characteristics. 


Printed transmission lines for ‘ie froqieney of . vee 


interest can become somewhat cumbersome on =. 


standard circuit board material. Therefore, lumped 


reactances (L1, 2, 9, 10 and Cl, 2, 3, 14, 15, 16, Figure 5) 


are used to simulate 70.7 ohm 1/4 wave transmission. 
lines, the main element in the couplers. This approach’ 
not only conserves board space, but provides a means | 


to compensate for small variations in associated 
component values. 
Microstrip techniques are incorporated in the 
amplifier networks to balance RF performance and 
promote reproducibility. Because of the lower circu- 
lating currents and reduced component heating in 
the collector circuitry of low-powered stages, smaller 


capacitors can be used in the networks at that point 
than would be required for a single-ended 60 watt — 
design. Separating the major heat producing devices 


to two areas on the heatsink produces a more even 
heat transfer to the ambient air. The combined ampli- 
fier presented here has good harmonic suppression 
(Figure 8). A low-pass filtering effect i is noticeable with 
the Wilkinson combiners. 


Construction and Alienate 


A 1:1 photomask ofthe circuit is provided in Figure 9 
and double-sided G-10 fiberglass board with two-ounce 
copper cladding is recommended for construction. The 
ground points are indicated on the PCB photomask. 

‘Theinductors required for the splitter/combiner 
are constructed by winding the appropriate number of 


References © 

1. Lawrence R. Laveller; ‘““Two Phased Transistors 
Shortchange Class C Amps,” Microwaves, Pg. 48- 
54, February, 1978. 


- turns (closewound) on a temporary 1/8 inch form and 


then separating the individual turns by 0.020 inch. An 
Xacto number 11 knife blade was used for this purpose 
and provides the correct turns spacing. The 100-ohm 
isolation resistors, R1 and R2, must be noninductive 
and carbon composition resistors proved to be entirely 
adequate. In a properly tuned and balanced amplifier 
these resistors should remain fairly cool to the touch 


during normal operation. Each amplifier and coupler 


input and output portis designed to be terminated into 


- 50-ohms to facilitate testing into a 50-ohm system. 


A PCB bridge (Figures 3 and 9) is used to carry all 


_ of the de feed circuitry. It.acts as a continuation of the 


ground plane and enhances circuit stability. Solid 
copper (0.027 inch) and double-sided circuit board 
were used as a construction medium and no difference 


~ in performance was noted with either material. 


Initial alignment is accomplished by driving the 
amplifier with a 5 watt CW source at approximately 


- 160 MHz. The applied voltage is set at 12.5 volts and 


the variable capacitors, C4 and C5, are adjusted in an 
alternating manner to provide maximum output power. 
Full drive (15 watts) is then applied and the capacitor 
adjustments are repeated. At this point, the circuitry 


should be delivering 60 watts or more to the 50-ohm 
~ load with the 15 watts input. After the final adjust- 

ments are made, the isolation resistor temperature in 
- either coupler should be relatively cool to the touch and 


the input VSWR should be at a minimum. Best results 


will ‘be obtained if the transistors are beta matched 


(+10%) prior to installing them in the circuit. 


Additional Comments _ 

This amplifier has been extensively tested for rug- 
gedness and reproducibility. The 15 watt input level 
makes it compatible with the EB-90 two-stage VHF 


: amplifier asa driver. Together they form a chain 
requiring 200 mW of Zput power for a 60 watt or 


more output. 


MRF264 - 


2. Ernest J. Wilkinson; ‘““An N-Way Hybrid Power 
Divider,’’ PGM TT Transactions, pg. 116-118, 
January, 1960. 
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FIGURE 3 — Component Placement 


L8 +1 2.5 V Input L7 


-_ Q1 Collector Q2 Collector 
a. Output Side . a b. Base Side 


FIGURE 4 — PCB Bridge Details 
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C1, C16 — 25 pF Unelco (J101) | L1, L2 — 7 Turns #18, 0.125” ID 


C2, C3 — 15 pF CM04 Mica L3, L4, L5, L6 — Printed Inductors 

C4, C5 — 68 pF Standex . L7, L8 — Printed Inductors 

C6, C7 — Arco 404 Variable L9,L10 — 7 Turns #18 AWG, 0.125 ID 

C8, C9 — 150 pF Standex . L11,L12 — 4 Turns #18 AWG, 0.250 ID w/Bead 
C10, C11 — 56 pF Standex Q1, Q2 — MRF264 : 

C12, C13 — 39 pF Standex , RFC1, RFC2 — 0.15 wH Molded Choke w/Bead, 
C14, C15 — 15 pF Standex 7 Ferroxcube 56-590 65/3B 

C17 — 100 uF @ 16 V Electrolytic RFC3, RFC4 — 4 Ferrite Beads each on #18 AWG 
C18, C19, C20 — 680 pF Allen Bradley Feedthru R1 — 100 9 1/2 W Carbon 


R2 — 1000 2.:0W Carbon 


FIGURE 5 — Schematic - 60 W Amplifier 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 8 — PCB Photomaster 
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GET 600 WATTS RF FROM FOUR POWER FETs 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


This unique push-pull/parallel circuit produces a 
power output of four devices without the added loss 
and cost of power splitters and combiners. Motorola 
MRF150 RF power FET makes it possible to parallel 
two or more devices at relatively high power levels. 
This technique is considered impractical for bipolar 
transistors due to their low input impedance. In a 
common-source amplifier configuration, a power FET 
has approximately five to ten times higher input 
impedance than a comparable bipolar transistor in a 
common emitter circuit. The outputimpedance in both 
cases is determined by the dc supply voltage and power 
level. The limit to the number of FETs that can be 
paralleled is dictated by physical, rather than electri- 
cal restrictions, where the mutual inductance between 
the drains is the most critical aspect, limiting the upper 
frequency range of operation. The magnitude of these 
losses is relative to the impedance levels involved, and 
becomes more serious at lower supply voltages and 
higher power levels. Since the minimum mounting dis- 
tance of the transistors is limited by the package size, 
the only real improvement would be a multiple die 
package. For higher frequency circuits, these mutual 
inductances could be used as a part of the matching 
network, but it would seriously limit the bandwidth of 
the amplifier. This technique is popular with many 
VHF bipolar designs. 


In paralleling power FETs another important aspect 
must be considered: If the unity gain frequency (fa) of 
the device is sufficiently high, an oscillator will be 
created, where the paralleling inductances together 
with the gate and drain capacitances will form reso- 
nant circuits. The feedback is obtained through the 
drain to gate capacitance (Cygs), which will result in 
360° phase shift usually somewhere higher than the 
amplifier bandwidth. Thus, the oscillations may not 
be directly noticed in the amplifier output, but may 
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have high amplitudes at the drains. This can be cured 
by isolating the paralleling inductance, which consists 
of the dc blocking capacitors (C7-C10, Figure 2) and 
their wiring inductance from the gates. Low value non- 
inductive resistors which do not appreciably affect the 
system gain can be used for this purpose. 


FIGURE 1 — Photograph of the 600 Watt 2.0-30 MHz 
MOSFET Linear Amplifier 


CIRCUIT DESCRIPTION | 

Figure 2 shows a detailed schematic of the 600 W RF 
FET amplifier. It can be operated from supply voltages | 
of 40 to 50 depending on linearity requirements. The 
bias for each device is independently adjustable, there- 
fore no matching is required for the gate threshold 
voltages. Since the power gain of a MOSFET is largely 
dependent on the drain bias current, only gy matching 
is required, and it can be only + 10%. 


EB 1U4 


FIGURE 2 — Detailed Schematic 


Qt 


Output 


R1-R5 — 10k Trimpot C12 — Not used 


R6 — 1.0k/1.0 W C15 — 10 uF, 100 V Electrolytic 
7 —= 10 Ohms C16 — 1000 pF Ceramic 
-R8—2.0k C17, C18 — Two 0.1 uF, 100 V Ceramic each, (ATC 200/823 or 
RY, R21-R24—10k | equivalent) 
R10 — 8.2k . D1i-D4 — IN4148 
R11-R14—1000Ohms D5 — 28 V Zener, IN5362 or equivalent 
R15-R18 — 1.0 Ohms L1,L2— Two Fair-Rite 2673021801 ferrite beads each or equiv- 
R19-R20 — 10 Ohms/2.0 W Carbon alent, 4.0 wH. 
R25 — Thermistor, 10 k (25°C), 2.5 k (75°C) T1-T3 — See text 
C1 — Not used | Q1-04 — MRF150 
C2 — 820 pF Ceramic chip IC1 — MC1723CP 
C3-C6, C13, C14 — 0.1 wF Ceramic Allresistors 1/2 W carbon or metal film unless otherwise 
C7-C10 — 0.1 uF Ceramic chip designated. 


C11 — 1200 pF each, 680 pF mica in parallel with an Arco 469 
variable or three or more smalier value mica capacitors *Note: parts & kits for this amplifier are available from Communications 
in parallel Concepts, 121 Brown St., Dayton, Ohio 45402 (513) 220-9677 


The circuit board was designed to allow several dif- to ground, which is required with D1 preventing an 
ferent gate biasing configurations (Figure 3). In circuit open circuit in one direction. R3 is a low value resis- 
“a”, which is used in the amplifier described here, D1 tor to prevent parasitic oscillations in a parallel FET 
serves a purpose of preventing positive voltage from circuit, as discussed earlier. Variations “b” and “c” 
getting fed back to the bias source in case of a drain- are basically the same, except for R2, which can bi 
gate short in a FET. This protects the other three used to control the amount of RF rectified by D1. In 
devices from gate overvoltage. C1-R2 combination addition to blocking the dc in one direction, D1 can 
establishes an RF shunt from the gate to ground, which be used for proportional biasing, in which the bias volt- 
is necessary for stabilization. R4 could also be used age increases with RF drive. This allows the initial idle 
for this purpose, but it would have to bea relatively low current to be set to a lower than normal value, increas- 
value, resulting in unnecessary high current drain ing the system cHACIENCY. 


from the bias supply. Normally R4 is only a dc return 
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FIGURE 3 — Various Bias Configurations | 


The gate de- Qing in these circuits is done with R4. 
Circuit “d”’ is another variation, where D1 is moved in 
series with R1 eliminating R4. The value of R1 must 
be high to prevent destruction from a drain-gate short. 
The common bias is derived from IC1 (MC1723CP) 
which provides both line and load regulation. The line 


voltage regulation is defeated when the voltage to Pin - 


12 falls below 24 V, and the bias input can be used for 
Automatic Level Control (ALC) shut-down or linear 
ALC function. The regulator output voltage is adjust- 
able from 0.5 to 9.0 volts with R5, which can be perma- 
nently set to 7.0-8.0 V. This voltage is also controlled 
by the combination of R10 and R25. R25 is a ther- 


mistor, and is tied to the heat sink for bias temperature 
compensation. _ 7 - _ 

~ In Figure 2, the input from T1 is fed to the gates 
through C7-C10 and R15-R18. The input matching is 


initially done at the high end of the band (80 MHz). 


In contrast to a bipolar push-pull circuit, where the 
base-to-base impedance varies with class of operation, 
the gate-to-gate impedance of a common source FET 
circuit is always twice that from gate to ground. In 
this case, where two FETs are in parallel on each side, 
the gate-to-gate impedance equals the gate-to-ground 


-impedance of one device. From the Smith chart infor- 


mation (Figure 4) this can be established as 3.45 ohms. 


FIGURE 4 — Series Equivalent Impedance 
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Gate shunted by 25 Ohms 
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‘The effect of R11-R14 and R21-R24 is minimal and can 

be disregarded. Considering the standard integers for 
T1 impedance ratio, 9:1 with its 5.55 ohms secondary 
appears to be the closest. This would set the values of 
R15-R18 at 2.0 ohms each, which would result in 3.5 dB 
gain loss, and about 1.0 W would be dissipated in each 
resistor. For this reason it was decided to reduce their 
values to 1.0 ohm, and trim the values of C1 and C2 for 
lowestinput VSWR. Asa tradeoff, the VSWR will peak 
slightly at 15-20 MHz, but still remain below 2:1. 


Negative feedback is derived from a winding in T2 | 


through R19 and R20. Its purpose is to equalize the 


load impedance for T1 and reduce the amplifier gain ~ 


at low frequencies. Since the gate to source capacitance 
of a MOSFET is fairly constant with frequency, the 
amount of feedback voltage is inversely proportional 
‘to its reactance. This function should be more or less 
linear, unless the inductive reactance of T1 is too low, 
or if resonances occur somewhere in the circuit. No 
computer analysis (as in Reference 2) was performed 
on the negative feedback system. Instead a simple 
approach described in Reference 1 was taken, where 
the gain difference between 2.0 and 30 MHz. determines 
_ the feedback voltage required to equalize the voltages 
of the secondary of T1 at these frequencies. With an 
_ input impedance of 45 ohms at 2.0 MHz, and the feed- 
back source delivering 15 V/(RMS), (Pout = 600 W) the 
values of R19 and R20 will be around 10 ohms each. 
A ferrite toroid or a two hole balun type core can be 
used for T2. Relatively low yi material with high curie 
temperature is recommended, since the minimum 
inductance requirement for the dc feed winding is less 
than 2.0 wH. Depending on the material, T2 can reach 
temperatures of 200-250°C, which the wire insulation 


must also be able to withstand. Several different output 
transformer configurations (T3) were tried, including 
a transmission line type in Figure 5. Although difficult 
to make, it has the advantage that low wi, low loss fer- 
rite can be used with multiple turn windings. At this 
power level, heat in the output transformer was a major 
problem. High permeability materials, required in the 
metal tube and ferrite sleeve transformers could not be 
used because of their higher losses and low curie tem- 
perature. On the other hand, low yi cores with larger 
cross sectional areas were not readily available. To 


reach the minimum inductance required for 2.0 MHz, 


two of these transformers, with low permeability fer- 
rite cores were connected in series. Both have 9:1 impe- 
dance ratios. Alternatively the secondaries can be 
connected in parallel with twice the number of turns: 
(6)in each. C11 must withstand high RF currents, and 
must be soldered directly across the transformer pri- 
mary connections. Regular mica or ceramic capacitors 
cannot be used, unless several smaller values are par- 
alleled. . 


PERFORMANCE 

Due to the mechanical proximity of the four MOS 
FET devices, the RF ground of the circuit board is poor, 
and results in 1.0-1.5 dB gain loss.at 30 MHz, which 
can be seen in Figure 6. The ground plane can be 
improved by connecting all source leads together with — 
a metal strap over the transistor caps. Another method 
is to place solder lugs under each transistor mounting 
screw, and solder each one to the nearest source lead. 
In this case, the heat sink will serve as the RF ground. 
Although the 3rd order IM distortion is not excep- 
tionally good, (Figures 6, 7) the worst case 5th order 


FIGURE 5 — Number of Turns Shown is not Actual | 


Balanced 
5.550 


— Balanced. | 
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Unbalanced 
500 


r Unbalanced © 
500 
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products are better than -30 dB at all frequencies, and 
as can be expected with FETs, the 9th and higher order 
products are inthe -50 to -60 dB level. It can also be 
noticed from Figure 6, that.the IMD does not increase 
at reduced power levels, as common with bipolar ampli- 
fiers. The even order output harmonic content depends 
greatly on the device balance as in ‘any push-pull cir- 
cuit. The worst case is at the low frequencies, where 
numbers like -30 to -40 dB for the 2nd harmonic is 


In a MOSFET (common source) the ratio of feedback 
capacitance to the input impedance is several times 
higher than that of a bipolar transistor (common emit- 
ter). As aresult, a properly designed FET circuit should 
be inherently more stable, especially | under varying 
load conditions. 

- It must be noted, that special attention must be given 
to the heat sink-design for this unit. With the 200-300 


' watts of heat generated by the transistors in a small 


typical. The highest 3rd harmonic amplitude of -12dB 


is at 6.0-8.0 MHz carrier frequency. Information on 
suitable harmonic filters is available in Reference 3. 
The stability of the amplifier has been. tested into a 
3:1 load mismatch at all phase angles. It was found to 
be completely stable, even at reduced supply voltages. 


3RD ORDER IMD (dB) 


physical area, it must be conducted into a heat sink 
efficiently. This can be only done with high conduc- 


tance material; such as copper. If aluminum heat sink 


FIGURE 6 


is used, a copper heat spreader is recommended between 
the transistor flanges and the heat sink surface. 
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XX denotes feed-through eyelets 
&) denotes terminal pins. 
©) denotes board spacers 


FIGURE 8 — Component Locations 
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NOTE: The Printed Circuit Board shown is 75% of the original. a 


FIGURE 9 — Circuit Board Photo Master 
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A 30 WATT, 800 MHz AMPLIFIER DESIGN 


Prepared by 
Alan Wood 
Semiconductor Product Sector 


INTRODUCTION. ) . : Lower manufacturing costs are of prime concern | to land 


Simplicity and nomipar ties mark the design of this mobile equipment suppliers and single-board, fixed tuned 
30 Watt amplifier designed for the 800 MHz mobile com- _ transmitter amplifier designs are becoming increasingly 
munications band. The amplifier uses the internally common. Two versions are therefore presented, one using 
matched MRF844 transistor in a common base Class C glass teflon laminate and the second using less expensive - 
configuration providing a minimum of 5.0 dB gain over G-10 board. (Figure 1). 


a fixed tuned bandwidth of 800 to 870 MHz at 12.5 volts. 


b. Circuit Using G-10 Board 


a. Circuit Using Glass Teflon Laminate 


Figure 1 — Two Versions of MRF844 Broadband Circuit 
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° Vcc 
C6 +12.5 Vd 
C5 ro ees 
YAB1 By = = = 
L1 <« L2 
MRF844 C8 
So Z1 z4 S 
C3 
C4 
Bi, B2 — Ferroxcube Bead 56-590-65/3B Li,L2— 4 Turns, #20 AWG Enameled Wire 0.15” ID. 
C1 — 15 pF Mini-Underwood Mica Z1~Z4— Microstrip; See Photomasters 
C2 — 12 pF Mini-Underwood Mica Board Material — See Text 
C3, C4 — 18 pF Mini-Underwood Mica: 
C5—91 pF Mini-Underwood Mica 
C6— 1000 pF _—_Unelco Mica 
C7 — 1.0 uF Electrolytic 
C8 — 36 pF. Mini-Underwood Mica 
Figure 2 — Circuit Schematic of 30 Watt 806-870 MHz Amplifier 
CIRCUIT DESCRIPTION and 3” by 2” for the glass teflon board. The blocks were 


The circuit is designed to be driven from a 50 ohm 
source and be terminated in a nominal 50 ohm load. Both 
input and output matching networks are similar in de- 
sign and consist of two element short-step Chebyshev 
transmission line transformations fabricated as micro- 
strip lines (Reference 1). Mini-Underwood mica capaci- 
tors are used at the input and output of the transistor, 
transforming the complex inductive impedance to an es- 
sentially non-reactive real impedance over most of the 
band. A minimum of additional components provide the 
dc biasing and RF decoupling. Refer to Figure 2 for a 
schematic diagram of the amplifier. 

Design of microstrip circuits using a G-10 board ma- 
terial is complicated by several factors. This is discussed 
in detail in Reference 2. The main points to be considered 


are, the lack of control over the dilectric constant in the _ 


manufacturing process; a greater tolerance in the dilec- 
tric thickness than in the case of higher quality sub- 
strates intended for microstrip applications, and changes 
in relative dilectric constant with frequency. Despite 
these apparent disadvantages, G-10 board can be used 
successfully if the ultimate in bandwidth is not sought. 

Frequency dependence of the relative dilectric constant 
was determined by characterizing a nominal 25 ohm 
microstrip line over a wide range of frequencies using an 
automatic network analyser. Compensation for the co- 
axial to microstrip transitions was established using a 
computer optimized model (Reference 3). Figure 3 is a 
graph of the relative dilectric constant versus frequency 
determined for the laminate used by this method. It 
should be noted that differences in epoxy composition 
could affect both the low frequency dilectric constant and 
its frequency dependence. 
CONSTRUCTION PROCEDURES | 

Both amplifiers were mounted on 0.5” thick copper 
blocks, 2.25” by 2” in the case of the G-10 board design 


slotted to a depth of 0.130” to enable mounting the tran- 
sistor leads level with the top of the circuit board. Ther- 
mal compound was used between the transistor flange 
and the mounting block to ensure low thermal resistance. 
With the block held in contact with a larger heatsink 
this configuration proved adequate for test purposes. In 
a production design, the transistor would normally be 
thermally connected to. the case of the transmitter. How- 


‘ever, care should be taken to operate the device under 


all conditions within the Power Passe limits shown 
on the data sheet... - 

As with: any circuit designed to ark at UHF frequen- 
cies, good grounding is essential for best performance 


- and stability. Copper foil was wrapped around the board 


€R, RELATIVE DILECTRIC CONSTANT 


adjacent to the transistor mounting to connect the un- 


-. derside ground plane to the transistor common leads. 


f, FREQUENCY (MHz) 


Figure 3 — Relative Dilectric Constant (G-10) versus Frequency 
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Additional copper foil was wrapped around the board to 
connect the 1000 pF Unelco capacitor pad to the lower 
ground plane. _ 

Positioning of the emitter and collector shunt capaci- 
tors is critical to the resulting amplifier performance. 
The capacitors should be mounted as close to the tran- 
sistor case as possible. Minor tuning of the circuit can 
be achieved by lateral movement of these components. 
Larger tuning adjustments can be incorporated by re- 
placing part of the fixed shunt capacitance by a variable 
trimmer. . 


Pout, OUTPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


Figure 4a — Typical Performance in Broadband Circuit 


Pout, OUTPUT POWER (WATTS) 


4.0 
Pin, INPUT POWER (WATTS) 
Figure 4b — Output Power versus Input Power 
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Figure 4c — Output Power versus Supply Voltage 
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Pout: OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS] 


Both circuits use 28 mil dilectric 2 ounce copper clad 
laminate. Refer to Figure 6 for a 1:1 Photomaster of the 
circuit boards. 

PERFORMANCE DATA 

Similar performance was measured for the same part 
soldered in either circuit. Typical performance curves for 
this broadband design are shown in Figures 4a, 4b, and 
4c for the glass teflon design and Figures 5a, 5b, and 5c 
for the G-10 based circuit. Circuit losses in the G-10 board 
were less than expected and were certainly minimized 


_by the short fractional wavelength transmission lines 


employed. 


=> 
So 


nc COLLECTOR EFFICIENCY (%) 


_ f, FREQUENCY (MHz) 


Figure 5a — Typical Performance in Broadband Circuit 
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| Pin, INPUT POWER (WATTS) 
Figure 5b — Output Power versus Input Power 


10 
Vcc, SUPPLY VOLTAGE (Vdc) 


Figure 5c — Output Power versus Supply Voltage 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


MRF844 BROADBAND CIRCUIT 


a. Photomaster Using Glass Teflon Laminate 


MRF844 B.B.CKT. 


b. Photomaster Using G-10 Board 


Figure 6 — Two Photomaster Versions of MRF844 Broadband Circuit 
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MODULES 


Prepared by: 
Henry Pfizenmayer and Sam Coffman 
RF Power Modules | 


INTRODUCTION : 

The packaging used for standard Motorola RF Power 
modules consists of a copper flange on which the sub- 
strates are soldered and a non-conductive cover which 
is either of a “snap-on” or epoxy attached design. The 
ceramic substrates are either 96% alumina (A1,0,), 
99.5% alumina or 99% Beryllium oxide (BeO). These sub- 
strates are attached to the copper flange using either 
lead-tin or indium based soft solders. Typical liquidus 
temperatures of these solders are in the 149°C to 163°C 
range. 

The purpose of this paper is to present the mechanical 
factors which should be considered in mounting these 
modules in equipment. 


MAJOR MOUNTING FACTORS 

There are three major considerations in mounting an 
RF power module. First, the flange is used for the RF 
electrical ground reference. Typical inductance of the 
connection pins used on these modules is about 18 nano- 
henries per inch or 1.8 nanohenries per 100 mils. Since 
at 800 MHz a nanohenry has about 5.0 ohms reactance, 
it is easy to see that it would be almost impossible to 
achieve a low reactance ground through the use of pins 
alone. Second, the copper flange provides the thermal 
path for the removal of the heat produced in the active 
devices present in the module. Thus, proper thermal han- 
dling must be considered in mounting the module. Fi- 
nally, we must consider. the mechanical stresses placed 
on the module by the mounting techniques used. Here 
we consider stresses placed on the leads and bending or 
twisting of the mounting flange which would cause ce- 
ramic fractures. 


MODULE FLANGE FLATNESS 

During the processing of the module, consideration has 
to be given to the various stresses produced. Through 
analysis of these stresses and the materials used we can 
arrive at the maximum allowable flange bending which 
can be tolerated from a mechanical standpoint. In de- 
termining the allowable flange flatness conditions, both 
analytical and empirical analyses were performed. 
Agreement between both of these analyses was very 
good. The theoretical analysis was performed by Moto- 
rola Government Electronics Group, Mechanical Engi- 
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neering Laboratory. GEG was selected to do this work 
because they have done extensive work in the area of 
laminate stresses and have available several proven com- 
puter programs which apply directly to this problem. The 
assigned task was to provide an estimate of the maximum 
amount of initial bow (curvature) in the mounting flange 
which would not subsequently cause the ceramic sub- 
strate to fracture in the final assembled state. For the 
results of this analysis, see Table 1. 


MOUNTING CONSIDERATIONS 

The theoretical analysis shows that some of the re- 
sponsibility for proper mounting rests on the user. Proper 
consideration should be given to the following items: 

1. Flatness of the mounting area must be such that 
the final mounting of the module will not bend the flange 
beyond the limits given in Table 1. 

2. Attention must be given to surface finish and clean- 
liness of the mounting surface. For instance, if one 
mounts the module with thermal compound and uses a 
dirty work area which allows 3 to 5 mil particles to be 
present in the compound, a failure mode can be produced. 

3. Another consideration is the movement of material 
around tapped or punched holes. A tapped or punched 
hole which leaves a burr on the mounting surface can 
lead to failure modes. ; 

4. In addition, rigidity of the mounting surface and its 
material should be considered. For instance, the copper 
flange on an aluminum heatsink will result in a bi- 
metallic system which can create a bending problem. 


Consideration of the direction of ribs in a heatsink should 


be made to maximize stiffness in the direction of bending 
or adequate thickness of the heatsink must be provided 
to control bending. 

It is not desirable to mechanically constrain the ends 
of the module so that no “slip” is possible between the 
module flange and its mounting surface. If the ends are 
constrained and the temperature differential between 
the module and the heatsink is significant, there can be 
enough bending of the module flange to break the ce- 
ramic. An example calculation is shown below to dem- 
onstrate this problem. 

Assume that the ends of the flange are constrained at 
the centerline of the mounting holes. (2.4 inches for 
MHW612A/MHW710/MHW720 series modules). Assume 
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that the module is mounted on a machined aluminum 
heatsink. 


Thermal expansion coefficients in winch/inch/°C 
Aluminum 25 x 10-6 
Copper 17 x 10-6 
L = 2.4 inches 


For a reasonable approximation assume the thermally 
induced bending creates an isosceles triangle as shown 
in Figure 1. 


FIGURE 1 


Assume that the module flange changes temperature 
from 25°C to 50°C and the heatsink changes temperature 
from 25°C to 30°C in the same time (obviously the heat 
input to the system comes from the copper flange — more 
on this later). 


Heatsink A L (aluminum) = 2.4” x 5°C x 25 x 10-6 
= 0.0003” - 

Flange A L (copper) =: 2.4 x 25°C x 17 x 10-6 
= 0.00102” 


So length ABC = 2.40102, AB = 1.20051” 
length AC = 2.4003”, AD = 1.20015 
And AB? = AD? + BD? 
BD = V AB? — AD? 
So BD = 0.029397 inches which far exceeds the 
allowable flange bend. — 


This analysis also points out the advantage of keeping 
the heatsink and the flange at lowest possible temper- 
ature differential through the use of thermally conduct- 
ing compounds between the surfaces. 

For instance, in the example given above with an alu- 
minum/copper system, the copper flange will remain in 
tension at any temperature above the temperature at 
which the system was constrained as long as the tem- 
perature ratio between the heatsink and flange is kept 
less than the ratio of the thermal expansion coefficients 
or 25/17. Incidentally, this assumes that the heat input 
source to the system originates in the copper flange. This 
situation points out the folly in some types of tempera- 
ture cycling testing. For instance, if the aluminum/cop- 
per system is constrained at 25°C and is uniformly heated 
to say 125°C, the copper remains in tension — if the 
system is cooled below 25°C, the copper will go into 

compression. This is exactly the opposite situation ob- 
tained when the heat input to the system comes from the 
copper flange. = | 

The above is a rather elementary analysis of the ther- 
mal effects on the module/heatsink system. Many other 
factors are involved such as relative strengths of the 
materials involved, bending of the mounting screws and 
so forth. 
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What should be derived from this discussion is that 
the design of the mounting for the module/heatsink sys- 
tem is not a simple one and should not be done in a casual 
manner. 

Our recommendation is that a mock version of the 
system be constructed early in the equipment design and 


thermal cycling performed both with external heat input 


to the system and with heat input to the system from the 
module. This is a very effective “analog computer” and 
direct measurements of the flange/heatsink deflections 
can be made. In this manner the actual expected flange 
excursions can be compared to the recommended maxi- 
mum flange bending to determine whether the design is 
adequate. Incidentally, the recommended maximum de- 
flection values given in Table 1 have a safety factor of 
approximately 2. That is, the deflection required to crack 
the ceramic is approximately twice the value given. 
Table 1 includes data showing the empirical deflections 
required to fracture a ceramic board in the module. 

5. We strongly recommend the use of a good thermal 
compound between the mounting surface. Sufficient ma- 
terial must be used to fill all gaps which may be present. 
We have not been able to create any mechanical problem 
with excess compound as long as there isa path for the 
excess material to escape as the module is tightened down 
with the mounting screws. At this point it should be 
pointed out that unless both the module flange and the 
heatsink were lapped to absolute gauge block flatness, 
there will always be a significant air gap between areas 
of the flange and the heatsink. Since it is obviously not 
practical to achieve a lapped surface of this quality, this 
portion of the mounting problem resolves to one of me- 
chanical rather than thermal considerations. As an 
aside, some of the Motorola modules also have machined 
surfaces which may be oxidized to some degree. Infrared 
thermography of the active die was performed to see if 
there was any thermal degradation due to this oxide 
layer and no degradation could be found. This has also 
been found true on lapped discrete transistor flange 
mount parts. 


Several manufacturers of thermally conductive heat- 
sink compound exist. We have used products from Wake- 
field and Dow Corning with success. . 


MOUNTING HARDWARE 
Obviously an ideal mounting hardware scheme would 

be one in which the clamping pressure remained constant 
with age. One way of achieving this is through the use 
of conical washers — one trade name is Belleville wash- 
ers. Another possibility is “wavy” washers. Proper se- 
lection of mounting hardware and torque is also neces- 
sary. We recommend the following mounting hardware 
sizes and torques: 

4-40 3 in/lb 

6-32 5 in/Ib 

8-32 5 in/lb 


TIGHTENING SEQUENCE 

A very important factor to be considered in mounting 
the module is the proper torquing sequence. The person- 
nel involved in mounting the modules should be given 
careful instruction and their procedures monitored at 
regular intervals. Since the flanges are punched from a 
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roll of material, there can sometimes be a small “roll-up” 
at the end of the mounting flange. If one considers what 
can happen if the mounting hardware were tightened 
completely at one end first, it is easy to see that the other 
end could be “lifted” off the mounting surface well in 
excess of the allowable flange bending tolerance. 

This should be avoided by first lightly alternately 
snubbing down the mounting hardware “finger-tight.” 


_ Next; the hardware can be torqued to its final specifi- 


cation again in at least two sequential steps. 


THE IMPORTANCE OF THIS TORQUING 
SEQUENCE CANNOT BE STRESSED 
TOO HIGHLY 


LEADS 

The leads used on the standard Motorola RF Power 
Modules are of either tinned copper, gold or silver plated 
KOVAR, or pure silver strap, typically 5 to 10 mils thick 
and 15 to 20 mils wide. The leads are intended for making 
electrical connections to the modules only and are not 
intended to support the module at any time in the as- 
sembly process. Consideration should be given to the 
stresses which may occur during mounting or testing. 
Poorly designed test fixtures can create lead stresses far 
above those encountered in the end-use equipment. It is 


recommended that the fixture be designed so the leads 


' are always clamped after the flange is clamped and the 
tolerances be such that an upward force is never placed 


_on the leads, even as the fixture wears. Motorola’s spec- 


ification for lead pull in shear and peel are 908 gm shear | 


and 454 gm peel for BeO boards and 1500 gm shear and 
750 gm peel for alumina boards. Modules from PC86, 90, 
and 91 product lines use BeO boards. Modules from the 
PC87, PC103 line use one alumina and one BeO board. 
PA) PC64, and PC104 use Zavumina poate 


| DEFLUXING 


-These modules are designed to be manually soldered 
into an assembly. The modules have a silicone die coat 
over the active die, MOS capacitors, and nichrome re- 
sistors. The die coat used will not withstand the normal 
flux removal fluids and severe reliability problems could _ 
be incurred if the flux removal fluids or solder fluxes’ 
penetrate the inside of the module. We recommend a flux 


activity of no more than R or RMA be used. 


CONCLUSION 
In mounting RF power modules, the zorowng major 
areas should be considered: 


1. Heatsink flatness. _ 

2. Use thermal compound — eliminate dirt or grit in 
the compound or on mounting surfaces, use an ad- 
equate amount to fill gaps. 

3. Tighten modules. down in an aleseaats manner 
“finger-tight” before final torquing. : 

. Be careful with defluxing operations. , . 

. Consider lead stresses, both in mounting and testing. 


Ou 


eae TABLE 1— Maximum Deflection 


‘THEORETICAL ~ 


***EMPIRICAL 


- DEFLECTION DEFLECTION TO 
3 - TOBREAK BREAK 

DEVICES | LINE - _ MIN. AVG 
MHW709, 710. —s PC41 0.015 =. 0.0190. . 0.0218 
MHW720* = PC64 — 0.015 0.0190 = 0.0206 
MHW720** ss PC64 0.011.-  °-0.0075:- 0.0079 
MHW720A PCi0a4. = — =~ ~——s«O0.0190 0.0206 
MHW612, 613t PC86. 0.0025 0.0019  —-_: 0.0028 
MHW612A, 613At = PC87 0.011. ~ 0.0103 0.0108 
MHWs808 PC90 . 0.0025 0.0034 
MHW808A PC103 — 0.0065 0.0070 
MHW820 PC91 0.005 0.0073 0.0084 


ALL UNITS IN INCHES 


MAXIMUM RECOMMENDED 
DEFLECTION COMBINED 


| OUTGOING OA SPEC. (MAX) 
HEATSINK & FLANGE | : 


CONVEX ~=§ CONCAVE CONVEX CONCAVE 
0.008 0.010 0.005 0.005 
0.008 0.010 | 0.005 0.005 
0.007. 0.0085 0.003 0.005 
0.008 . 0.010 — - 0.005 0.005: 
0.0015 0.002 0.001 | 0.002 
0.007 0.0085 0.003 0.005. 
0.0015 0.002 0.001 0.002 
0.0035 0.004 0.0015 0.0025. 
0.004 0.005 0.002 0.003 — 


* PC64 was changed to alumina board — BeO c carrier transistor construction similar to PC4T in February, 1983. All product with date code .883 and 


_ after has this construction. 
** Old construction of PC64 with total BeO output board. 


*** Measured deflection to break a substrate within 3 to 5 seconds of application of force. . 
_ t These devices will be obsolete on September 30, 1983. Contact Motorola for the current availability and recommended discrete transistor replacement 


lineup. 
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LOW COST UHF DEVICE. GIVES BROADBAND PERFORMANCE 
AT 3. 0 WATTS OUTPUT 


Prepared. by 
Dan Moline and Dan Bennett . 
Motorola RF Circuits Engineering 


INTRODUCTION >. - oo FIGURE 1 


The major cost element in low-to-medium power a 0- 
5.0 W) RF transistors is the package. Several years ago 
Motorola -took a major step in limiting cost increases 
by introducing the common emitter TO-39 package. 
Through the use of appropriate circuit design and con- 
struction techniques, use of the CE TO-39 can. be ex- 
tended to broadband UHF amplifiers producing up to 
3.0 W output power. 

This bulletin describes a broadband circuit applica- 
tion of the low cost MRF630 — an all gold metallized, 
emitter ballasted, high figure of merit transistor capa- 

_ ble of 3.0 W output power with 10 dB gain at 512 MHz. 
A photo of the amplifier is shown in Figure 1. Empha- 
sis is placed on mounting techniques which minimize 
parasitic inductances and maximize heat transfer. 


CONSTRUCTION 


TO-39’s used as RF amplifiers are most commonly 
found in transmitter exciter chains mounted on printed 
circuit boards. The parts are seated on small disc shaped 
insulators and are heatsunk using press-fit “top hat” 
style radiators (Figure 2). Heat is inefficiently con- 
ducted upwards through the metal can (Figure 3) and — 
radiated by commercially available heatsinks, called 
“top hats”. As a result, the 6JA is excessive, causing 

‘elevated junction temperatures and thermal slump 
problems. Because the TO-39 is situated above the PC 
board resulting in long leads, input Q’s are also exces- 
sive and combine to limit broadband performance and 
device gain. In low power applications (<1.0 W) and | 
VHF frequencies or lower, the problems mentioned 
above may not be noticeable. Higher power devices 
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such as the MRF630, however, should be treated with 
the same considerations as any other RF power transis- 
tor (i.e., provisions for proper heatsinking and ground- 
ing). me tas! 


When using an SOE power transistor, heatsinking 
is simplified with the inclusion of a stud or flange. 
Since TO-39’s have neither, some modifications are re- 
quired. Figure 4 depicts a means of heatsinking by 
soldering a “flange” to the bottom side of the TO-39 
package, thus providing a path for heat flow directly 
beneath the transistor die. The “flange” is secured to 
the amplifier heatsink by one or two screws. With this 
arrangement, maximum heat dissipation can be pro- 
vided with a minimum amount of space consumption. 
This method also creates better electrical grounding 
as the package is now mechanically connected to chas- 
sis ground. The attachment of this “flange” provides 
improvements in both grounding and heatsinking. 


Both are fundamental requirements to obtain the ex-- 
pected performance from an RF power TO-39 such as. 


the MRF630. 


SS 


3 L/L) ie 


viii 
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CIRCUIT DESCRIPTION a ee 

The circuit, which was optimized for the MRF630, - 
uses a distributed element design. Tight tolerance con- | 
trol is achieved by substituting transmission lines for 
inductors and specifying capacitor placement carefully. 
With this approach, good broadband performance is 
‘possible. | i 4. 8. 2 - et of 

Since transmission line characteristics are.depen- 
dent on line widths, dielectric properties and circuit 
board thickness, glass teflon circuit board is generally 
selected, as it offers.the best tolerance control over the 
latter two variables. The major -drawbacks of glass 
teflon circuit board are its low dielectric constant and 
relatively high price. A less-expensive alternative, 
which was used in the construction of the MRF630 
amplifier, is G10 printed circuit board. Its lower price . 
coupled with its higher dielectric constant results. in 
asmaller circuit and lower overall cost. The dielectric - 
constant of G10 is not a controlled parameter, yet G10: 
is consistent enough to be useful for many applica- 
tions at UHF frequencies. 
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FIGURE 4 
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“Mini” clamped mica capacitors were chosen for the 
matching components in this‘amplifier design because 
of their low cost, availability and very high “Q”. Mica 
is an extremely good dielectric and these capacitors, 
if carefully soldered (minimizing capacitor series lead 
inductance), boast a higher series reasonant frequency 
than some chip capacitors. ae i 

The use of G10 printed circuit board, “mini” clamped 
mica capacitors and the MRF630, enhance component 
repeatability, affordability, and availability. 


PERFORMANCE 


Broadband circuit performance is displayed in Fig- 
ure 5 and atypical gain curve is shown in Figure 6. As © 
can be seen, the MRF630 has excellent turn-on char- 
acteristics and saturated power capability. The normal 
gain roll-off above 490 MHz is expected but was mini- 
mized by optimizing both input and output impedance 
matching networks above that frequency. By adding 
additional matching sections, broadband performance 
down to 400 MHz could be achieved with respectable 
input VSWR’s. 

With the addition of the copper ‘‘flange” in the cir- 
cuit assembly, average device 0J-HS was limited to 
12.3°C/W (dissipated power = 4.0 W, Tc = 60°C). The 
MRF'630 was also mounted directly to the bottom of 
the printed circuit board, which was placed directly 
against the heatsink... The 6jJ-HS degraded to only 

-15.6°C/W under the same conditions of power dissi- 
pation. If the PC board were ‘‘floating” using the same 
technique, higher ¢J-HS’s would be observed. Assum- — 
ing all circuit components were to be mounted in strip- 
line fashion, allowing the PC board to be mounted di- 
rectly to the heatsink, adequate heatsinking could ‘be 
obtained without the addition of the “flange”. The 
copper “flange” method of heatsinking is highly rec- 
ommended for standard printed circuit boards which 
are isolated from the chassis heatsink. ~ 

An.exploded view of the amplifier showing printed 
circuit board, flange and heatsink is shown in Figure 7. 
Figure 8 is.a circuit schematic including parts list, while 
Figure 9 shows details of part location on the PC board. 
Finally, as an aid to duplication of the amplifier de- 
scribed herein, Figure 10 is a 1:1 photo master of the 
printed circuit board. oe : ve 
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FIGURE 6 — Output Power versus Input Power 


Pout. POWER OUTPUT (W) 
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SUMMARY | . 

Outlined in this article are methods of assuring the. 
best possible performance from a low cost package; 
specifically, the MRF630 TO-39. If good construction 
practices are followed to ensure proper heatsinking and 
grounding, performance comparable to'an SOE can be: 
demonstrated, taking advantage of the cost benefits | 
offered by a TO-39. : - 
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FIGURE 7 — Exploded View of Amplifier Assembly 


: 4-40x 1/4" Screw 


+12.5 Vdc 


RF 
. Output 
RE. 


tapes MRF630 


C1,C3—10pFMini-Unelco. | | | RET ee 
C2 — 36 pF Mini-Unelco at Z RFC1 — 0.15 4H Mini-Molded Choke 
; RFC2 — 1.0 wH Mini-Molded Choke 
C4, C5 — 0.018 uF Chip Capacitor RFC3 — 0.15 4H Molded Choke ~ = 
: TL1 — Transmission Line 0.105:x 1.110” (W x L) 


~ C6 + 0.1 uF Dipped Capacitor 
C7 — 1.0 pF Electrolytic . Bas eS ehh . 2% TL2 — Transmission Line 0.053 x 0.987” (W x L). 
~R1— 129 — 1/4.W Resistor | . Board Material = 2 Oz. aoe Epoxy Fiberglass (G-10) 


FIGURE 10 — 1:1 Photo Master 


4 FIGURE 9 — Parts Layout Out 


e Denotes copper eyelets. 
° Denotes 4-40 clearance for 
4-40 screw mounting. 


In. -_ NOTE: The Printed Circuit Board shown 
is 75% of the original. 
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RELIABILITY AND 
QUALITY ASSURANCE 


QUALITY LEVELS 


RF Products are available from Motorola in three 
quality levels: | 

1. Industrial/commercial grade, identified by 
a prefix such as 2N, MRF, or MHW on the part 
number and tested to a published Corporate, JEDEC, 
or Proelectron specification. 

2. Military grade, built and tested per MIL- 
S-19500 and identified by a 2N prefix and JAN, JTX, 
or JTXV suffix. 

3. Customer-specified grade with screening, 
testing, and marking determined by the customer 
to meet his particular requirements. These may 


‘range from a custom-marked industrial/commercial — 


grade product to a product which is subjected to 
the most stringent tests required for space or 
submarine applications. : | 


POST-ASSEMBLY 
PROCESSING 


After assembly, a production lot is first sent to 
Final Test, then is transferred to Quality Assurance. 


Final Test Processing 


In Final Test, 100% of a lot is processed. This 
processing may be as simple as electrical testing to 
a data sheet specification or as complex as a series of 
mechanical and = environmental screening _ tests 
preceded and followed by electrical tests. 
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Quality Assurance Processing 


Once in QA, high-rel lots may undergo additional 
100% screening prior to testing. Using the popular 
2N3866* family as an example, Table 1 compares 


the varying degrees of preconditioning and screening 


that are done on the 2N3866, 2N3866JAN, 
2N3866JANTX and the 2N3866JTXV transistors. 
For testing, QA uses test sample groups A, B, and C 
as defined in MIL-STD 19500. Individual tests are 
defined in MIL-STD-202, 750, and 883. All lots, 


including industrial/commercial, receive Group A 


testing, usually to the same specification which is 


-used by Final Test. In addition to the Group A tests, 


military and customer-specified high-rel specifications 
usually require Group B and C tests. Tabie 2 lists the 
standard LTPD, sample size and lot acceptance 
number used for Group A testing of standard 
products at Motorola. Military and high-rel specifi- 
cations may call for a tighter Group A sample plan. 
Tables 3 and 4 list the Group B and C test 
requirements of the 2N3866JAN and 2N3866- 
JANTXYV specifications. 


Special Processing 


Three additional tests that may be specified 
at extra cost by a high-rel customer are: — 

1. Scanning electron microscope inspection 
of a wafer. 7 2 8 | 

2. X-ray examination of metal can transistors. 

3. Particle Inclusion Noise Detection (PIND) 
test to detect loose particles trapped in a package. 


*The 2N3866 is a 400 MHz, 1.0 Watt NPN silicon 
transistor mounted in a TO-39 metal can. 
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TABLE 1 — 100% PRECONDITIONING AND SCREENING (2N3866 Family! 


/MIL-S-750 | | 


Final Test 


1. Electrical Tests _ 2 Go/No Go d | : 
(Same as Group A) Remove Rejects | 100%. 
. High Temperature Storage | — 200°C, 24hours | ymi | 100% 
. Temperature Cycling C, 10 cycles © it: a 100% 
. Constant Acceleration | 20,000G Y, OY i ~~ 84.00% 
. Hermetic Seal . ae Ge Ni . 100% 
Fine Leak | | ee Gor H | 


Gross Leak - . | A, B,C, D or F 
. HTRB | 150°C, 48 hr, 24.V 
. Electrical Tests — . | 
_ (Similar to Group A) 


. Electrical Tests | | = Go/No Go 

. Establish Identity | | 

. Electrical Tests lcgpoandhFe}| =—es—s—S 

. Burn tn a with 168 hr, 1.0W. 
. Electrical Tests Deltas PDA =10% _ 


TABLE 2 — STANDARD GROUP A SAMPLING PLANS (Discrete Products) 


Characteristic LTPD Sample Accept 
(By Subgroup) Size Number 


Discrete Devices 

Visual and Mechanical 

DC Parameters 

AC and Temperature | 
Parameters 

Opens/Shorts 


Discrete Wafers and Dice 


| Visual and Mechanical 
Multipack and Decca 


Pack (100% Sorted) 
Wafer Sales and Vial 
Package (no 100% Sort) 
DC Parameters © 
AC and Temperature 
Parameters | 
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TABLE 3— GROUP B TESTS (2N3866 Fon 


, Inspection | | MIL-S- 750 | Condition LT PD ‘(Accept No. ) 
or Test Method - 


aI : _2N3866JAN _ ‘2N3866JTX/V_ 
Subgroup B-1 | 
Physical Dimensions 


Subgroup B-2 
| Solderability . 
Temperature Cycling 
| Thermal Shock 
Hermeticity 

Fine Leak 

Gross Leak | 
Moisture Resistance 


lita Gor H 
ie bi C,DorF 


|: Subgroup B-3 
- Shock 
Variable Freq. Vib 
Constant Acceleration 


Subgroup B-4 
| Lead Fatigue 2036 
-| Subgroup B-5 

Salt Atmosphere 


-Subgrous B-6 
|. High Temperature 
” Storage Life 
| Subgroup B-7 
| Steady State 
| Operating Life 


(340 hours) (1000 hours) 


| Ta =25°C Vop=25 V | (1000 hours) 


(340 hours) | 
Py =1W | 


| TABLE 4 — GROUP C TESTS (2N3866 a! | 
| Inspection MIL-S-750| — Gonaition. LTPD [TTP (Accept No) No.) 
| or Test Method — 2N3866JAN | 2N3866JTX/V 


Subercub C-1 | | : 
| Barometric Pressure | i 
| Thermal Resistance | Dh Dee eens A 


Subgroup C-2 
Burnout by 
_Pulsing 
Subgroup C-3 | Extension of 
High Temperature _ | B-6 to 1000 hrs 


Storage Life ? 

_ Subgroup C-4 | | | Extension of 
Steady State | B-7 to 1000 hrs 
Operating Life 3 | : 


. MOTOROLA RF DEVICE DATA 
7-392 


RELIABILITY AND QUALITY ASSURANCE 


Test 


Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. 


Steady State Operating Life (SSOL) 


The purpose of this test is to evaluate the bulk stability of 
the die and to generate defects resulting from manufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 


Conditions: Ta = 25°C, PD = max rated power 


‘Intermittent Operating Life (IOL) 


The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. 


Conditions: Ta = 25°C, PD = max rated power. T(on) 
= Toff) = 1 min. 


High Temperature Storage Life 

The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
stability. ‘ 
Conditions: Ta = 150°C no bias applied 


High Temperature Reverse Bias (HTRB) 


The purpose of this test is to align mobile ions by means 
of temperature and voltage stresses to form a high-current 
leakage path between two or more terminals. 


Conditions: Ta = 150°C, Vop = 80% max rated Vo, 


High Temperature High Humidity Reverse Bias 
(H°TRB) 


The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- 
tration has taken place. With time, this is a catastrophically 
destructive test. 

Conditions: Ta = 85°C, RH = 85%, Vop = 80% max 
rated Vop, 


Moisture Resistance 


The purpose of this test is to evaluate the moisture resis- 
tance of components under temperature/humidity condi- 
tions typical of tropical environments. 


Conditions: Mil-Std-750, Method 1021. 


G. 
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Pressure Cooker 


The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components under pressure/ 
temperature conditions. 


Conditions: T = 121°C, P = 1 atmosphere (15 psig) 


Temperature Cycle (Air to Air) 


The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 


Conditions: Mil-Std-750, Method 1051, —55°C to 150°C, 
15 minutes dwell time at each temperature 


Thermal Shock (Liquid to Liquid) 
This test is an accelerated version of temperature cycie. 


Conditions: Mil-Std-750, Method 1056, 0°C to 100°C, 15 
seconds dwell time at each temperature 


Terminal Strength 


The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 


Conditions: Mil-Std-750, Method 2036, Condition E. 


Solderability 


The purpose of this test is to determine the solderability of 
the device terminals. 


Conditions: Mil-Std-750, Method 2026. 


Salt Atmosphere (Corrosion) 


The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaC1) is present. 


Conditions: Mil-Std-750, Method 1041 


Mechanical Stress Tests 


Vibration, shock and constant acceleration tests are infre- 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac- 
ceptance of military product. 


HIGH RELIAB 


| WAFER PROCESSING 


After wafers are processed, they are subjected 
to Motorola visual inspection specifications then 
probe tested to determine compliance with 
Group A specifications upon completion. Probe 
tests include the following: (1) Class Probe — 


RELIABILITY AND QUALITY ASSURANCE 


ILITY PROCESSING OF RF TRANSISTORS 


ii ASSEMBLY 


The die are attached to headers and then wire 
bonded. Wire pull tests are performed by Quality 
Control inspectors on a sample basis to ensure 
assembly process controls. 


Units are stored in dry air until ready for capping. 


iti CAN WELD OR LID SEAL 


Completed headers are loaded into a vact 
chamber for can weld or processed thru a 
nace for metal top attachments on ceramic pi 
ages with solder preforms. 


performed to determine device type and yield; 
(2) Unit Probe each unit is subjected to Group 
A electrical tests — rejects are inked. Following 
the class and unit probe tests, the wafer is 
scribed and broken. 


PROCESSING AND QUALITY CONTROL FLOW CHART 


: 7 N WELD 
COMMERCIAL WAFER pescicey eee CA Be 
GRADE PROCESSING | ee 


JANTXV JANTXV 


A vin 
100% ‘ 


100% LOW POWER 
ASSEMBLY VISUAL 


MILITARY GRADE 


HIGH POWER 
DIE VISUAL 


XII 
CUSTOMER 
SPECIFIED 
PROCESSING 


CUSTOMER SPECIFIED 
SCREENING AND TESTING 


Vil 100% HIGH POWER DIE VISUAL 


The high power portion of the inspection is per- 
formed to assure good die construction and front 
metal conditions. Individual reject criteria in- 
cludes the following: Metallization defects such 
as scratches, voids, corrosion, adherence, 
bridging and alignment. Poor die construction 
conditions such as oxide and diffusion faults are 
also rejected. 
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Vii 100% LOW POWER ASSEMBLY 
VISUAL 


The low power visual inspection controls work- 
manship, i.e., die attachment, internal lead-wire 
attachment, and package defects. Die attach- 
ment inspection includes assuring good adher- 
ence, die placement and proper orientation. In- 
ternal lead wires must have proper arc and all 
attachment bonds must be properly placed and 
in good condition. Package defect inspection in- 
cludes checking for foreign material, improper 
construction and cracked glass conditions. 
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V_ FINAL ELECTRICAL TEST i Vv QUALITY CONTROL 


leted units are selected for a Group A elec- Samples are taken for complete electrical anal- 
test. Hand screening is performed where — ysis of the lot. Group A and B tests are per- 
sary. Electrical fallout units and over-runs _ —_ formed on JAN devices. Group A and B tests 
ibject to future screening. and 100% processing are performed on JANTX 


devices. Some devices also require Group C 
inspection tests. 


FINAL 
ELECTRICAL 
TEST 


QUALITY 
CONTROL 


JANTX JANTXV 


1X X 


100% ae 
GROUP B SAMPLE 
QUALITY CONTROL COUR E SANRLE 


PROCESSING 


VI WAREHOUSE 


Upon completion, the finished product is ready 


for shipping. Purchase order requirements are 
carefully checked again prior to shipping. Over- 
runs are kept for future orders. Warranty tests 
(Group A) are performed every 24 months on | 
military devices. 


Vi 


WAREHOUSE 
SHIP — 
COMMERCIAL 


XI 


| WAREHOUSE 
SHIP 
JAN-JANTX-JANTXV 


XW | 
WAREHOUSE 
SHIP — 
CUSTOM SPECIAL 


” 


- IX 100% QUALITY CONTROL | x GROUP B AND GROUP C INSPECTION 


. Thermal shock 

Hermetic seal 

Acceleration 

. Read & Record parameters 
. Room temperature burn-in 


. Physical dimensions 
. Moisture resistance 

. Terminal strength 
Hermetic seal 

. Solderability 
Vibration fatigue 

. 1000 hr. storage life 

. 1000 hr. operating life 


SOQ “oO O20 0M 


Ta -eaA0T7D 


. High temperature storage Typical Group B Typical Group C 
. High temperature reverse bias . Processing Processing | 
. Temperature cycling (Sample Basis) (Sample Basis) 


. ac parameters 

. Barometric pressure 
Burn out pulsing 

. Resistance to solvents 
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Glossary of Reliability and Quality Terms 


Acceptable Quality Level (AQL) — A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at.a probability of acceptance equal to 
95%. It is referred to as the producer's risk because the 
probability of rejecting a good lot is 5%. 


Acceptance Number (Ac) — The largest number of defec- 
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 


Acceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 


Average Outgoing Quality (AOQQ) — The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Average Outgoing Quality Limit (AOQL) — The maximum 


Mean Time Between Failures (MTBF) — The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip- 
rocal of ile rate. 


Operating Characteristic Curve (OC curve) — A graph of the 


_ probability of acceptance as a function of the lot quality or 


average outgoing quality that is possible for a given sam- | 


pling plan. 


Defect — Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 


Defective — A device which contains one or more defects. 


Double Sampling — Sampling inspection in which the in- 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec- 
ond sample, when required, always leads to a decision to 
accept or to reject. 


Failure — The inability of a device to perform a specified 
function within previously-established limits. 


Failure Rate — The statistical probability of a failure occur- 
ring within a stated period of time. For electronic compo- 
nents it is usually assumed that failures follow an exponen- 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 


Infant Mortality — Premature failures occurring at a failure 
rate substantially greater than that observed during sub- 
sequent life prior to wear-out. 


Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 


Lot Tolerance Percent Defective (LTPD) — A measure of | 


quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep- 
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 


process average quality, whichever is applicable. 


Percent Defective — The number of defective devices in a 
lot divided by the total number of devices in that lot, mul- 
tiplied by 100. 


Probability of Acceptance (Pa) — The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Process Average Quality — The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 


Rejection Number (Re) — The smallest number of defectives 
in an inspection sample under consideration that will pre- 
vent acceptance of the lot. 


Reliability — A measure of the performance of a product 
over a specified period of time. 


Sample — One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 


Sampling Plan — A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi- 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 


Single Sampling — Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 


Wearout Failures — Those failures which occur as a result 
of deterioration processes and whose probability of occur- 
rence increases with time. 


100% Inspection — Inspection of every device, in which each 
device is accepted or rejected individually for the charac- 
teristic concerned, on the basis of its own inspection only. 
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Case Dimensions 
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CASE 146-01 CASE 182-02 | CASE 301E-04 


MOTOROLA RF DEVICE DATA 


8-2 


D5PL 


Faaoan © [rz] 


STYLE 1: 
PIN 1. RF INPUT 
2. +0C 
3, +DC 
4, +0C 
5, RF OUTPUT 
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CASE 301J-02 
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PIN 1. RF INPUT 
2. +DC (CONTROL) 
3. +DC (SUPPLY) 
4, RF OUTPUT 
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CASE 301H-03. 
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PIN 1. RF INPUT 
. VSI 
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CASE DIMENSIONS (continued) 


STYLE 3: 
PIN 1. INPUT 
2. GROUND 
3. OUTPUT 
4. GROUND 


CASE 303A-01 
(.070” CERAMIC) _ 


STYLE 4: 
~~ PIN 1. OUTPUT 
2. GROUND 
» 3, GROUND 
4. INPUT 


CASE 318A-04 
LOW PROFILE 
(SOT-143) 
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STYLE 3: 
PIN 1. OUTPUT 
2. GROUND 
3. INPUT 
4, GROUND 
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CASE 317-01 
(MACRO-X) 
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qa] 
U 


iB at 
Tv | 2134 


Ww 


9.93 


CASE 318B-03 
STANDARD PROFILE 
(SOT-143) 


8-4 


CASE 389-01 
(DHP) 


STYLE 1: [ MILLIMETERS | INCHES | STYLE 1: 
PIN 1, RE INPUT | MIN [MAX | MIN_| PIN 1. +V SUPPLY 
2, RFOUTPUT : E ~ 2. OPTION 1 
3. +28V 3, GROUND 


a> GROUNE : : . MILLIMETERS 4, TEST POINT 
MAX | MIN | MAX | 5. TEST POINT 
: : : A_| 133.66 | 134.06 | 5.262 6. OPTION 2 


1 
|B | — | 
ec | — | 3556) — | 1.400 
| G | 66.86 | 66.86 | 67.25 | 2,632 _| 2.632 | 2.648 _| 
-[-H | 9.20] 9.60 | 0.362 | 0.378 | 
rt |. 50.60 | 51.00 | 1,992 | 2: 
“Tov {41.46 | 41.85 1.648 
658 


W | 1631 | 1671 | 0.642 


CASE 389A-01 | _ CASE 389B-01 | 
(SHP) | (ABC/ACR/AMR/ATV) 


-a [4] ¢ors000 OTs © [a OTT] 
2PL : 


STYLE 1: - 
PIN 1. RF OUTPUT 
2, GROUND 
3. D.C. TERMINAL 
T- 4, GROUND 
SEATING PLANE 5. D.C. GAIN 
6, GROUND 


STYLE 1: 7, RF INPUT 


PIN 1. RF OUTPUT mie 
2. RF INPUT . 2: 
3. GROUND PIN 1. RF OUTPUT 
4, DC POWER [MIN [MAX [MIN |” MAX _ “2, GROUND 
: : *..3.Vs2 


i 4. GROUND 
| MIN | MAX | MIN | BV 1 


Se ws 6. GROUND 
1134, : 7. RE INPUT 


PIS IS [> |O II ol 
co a CTE [OD | — [RD [RO 
co bay J |e |e [CO [op 
J 1 SD [GOD | | 


91 | 105.41 
129,80 5.130 
[ 153.93 '{ 154.43 | 6.060 {, 6.080 


CASE 389C-01 - CASE 700-04 
(PAM) © | . on | | 


MOTOROLA RF DEVICE DATA 
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CASE DIMENSIONS (continued) 


Q 2p, ; 


+1 6025 0010) © [tT] F@] a @| 


6-32UNC-2B 2 PL 


| 0.25 (0.010) ® | 2] T] A @ 


eater 
EM 
Te 


MILLIMETERS INCHES 
MIN | MAX 
= 1.775 
1.040_| 1.060 
0.810 
0.018 


STYLE 1: 
PIN 1, RF INPUT 
2, GROUND 
. GROUND 
. DELETED 
. VOC 
, DELETED 
_ GROUND 
| GROUND 
_ RE QUTPUT 


3.96 BSC 
8.00 | 8.50 
25.40 BSC 

419BSC__| 
2.54 BSC 


OKON AN Pwr 


38.10 BSC 1,500 BSC 
5.08 BSC 0,200 BSC 
7.11 BSC 0,280 BSC 


11.05 [| 11.43 | 0.435 | 0.450_| 


sl<lcjn|alol~ol= 


| CASE 714-04 | CASE 714B-03 


Q 2A 


[0] 4025 000 ® [tT] FO] a® 


632UNC-2B 2 PL 


[0] 6025 010 @ [z|T] 4 ®@ 


PIN 1. RF INPUT 
2. GROUND 
. GROUND 
. +Vec 
. GROUND 
. GROUND 
. RF OUTPUT 


MILLIMETERS INCHES STYLE 1: 
| MIN | MAX. 


; 


io 
co 
— 
io 
c PPP 
2 £ 
e~ Ww 
[ra) 2s) 
on 
on 


Nn 
a> 
a 
=a 
2 |= 
Dio 
His 


x= 
fom ong 
sla 
[RS 
Sa IQ 
(roat=79 


_ RE INPUT 
. GROUND 
. GROUND 
. VDC 
. DELETED * 

, DELETED 1,500 BSC 
. GROUND 0.300 BSC 
. GROUND : 0.280 BSC 
. RE OUTPUT Tw} 11.05 [ 17.43 | 0.435 | 0.450_| 


ND 
|S 
fos] 
[as] 


B 


CASE 714F-01 
CASE 714C-04 
(CA, POS. SUPPLY) 


MOTOROLA RF DEVICE DATA 
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. STYLE 1: 
ac. cies — “STYLE 1: ae a : 155 | e Peon 
| MAX | MIN | MAX | ~° -PIN 1. RF INPUT é Pas Tos] GROUND 

Ta | 4433 14457 11745 11.755)  ° 2. GROUND _ eee OG ey 

rp | 1397 | 1427 | 0550 | 0.570 - GROUND ; _o. " GROUND 
. +Vec 5 Da ! : 8. GROUND 

- GROUND | : . _ 9, RFOUTPUT 

| RF OUTPUT 


rat ae sss] ote | 0200 
oa 775 | a25_| 006 0305 | 
[u_| 3795 | 38.35 | 1.490 | 1510 |: 
| Vv | 387 | 414 | 0.152.| 0.163 | 
| wt 420 | 4.44 | 0.165 | 0.175 | 
| x {25.15 | 25.65 | 0.990 | 1.010 | 


=e | 
es Poet Ct [Ya 47 | 4a, igo 070 


CASE 714G-01 | Say och : CASE 714H-01 
(CA LP, POS. SUPPLY) (CA, NEG. SUPPLY) 


STYLE 1: 
PIN 1. RF INPUT 
2. GROUND 
. GROUND 
5. + VCC 
. GROUND 
. GROUND 
. RE OUTPUT 


1.755 ” RF INPUT 


RF OUTPUT 


| MAX | 
| 0.585 | 
| 0.510 | 
0.435 
[1.085 | 
| 0.210 | 
| 0,325 | 
| 1.510 _| 
| 0.163_| 


see ie is 
Siselaiz 
S/R |S Rl 


0.165 | 0,175 
25.6 0.990_| 1.010 
4.31} 0.160 | 0.170 


CASE 714J-01 a CASE 714K-01 
(CA, POS. BENT PIN OPTION) | (CA, NEG. BENT PIN OPTION) 


MOTOROLA:RF DEVICE DATA 
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CASE DIMENSIONS (continued) 


set | fd) CITI 
aul oe ma cal | STM 


STYLE 1; Se , 
PIN 1, RF INPUT ; 
2. GROUND 
8. GROUND 
4. —Vcc 
7. GROUND 
8, GROUND 
9,. RE OUTPUT 
i [—amueeTERS J [INCHES =] 
| MIN [| MAX [ MIN [ MAX | 
| A. | 44.33 | “44.57 | 1.745 [| 1.755 | 
| B | 13.97 | 14.47 | 0.550 | 0.570 | 


STYLE2: STYLE 3: 
PIN 1. RF INPUT PIN 1. RF INPUT 
‘2, GROUND 2. GROUND 
. GROUND 
. Veco} 
. GROUND 


RF INPUT 


3, GROUND 

. RESISTOR-GROUND 
. GROUND 

. GROUND . GROUND 

. GROUND - . GROUND 

. Veo . Vee 2 

9. RF OUTPUT . RF OUTPUT 


MILLIMETERS 
MIN. 


STYLE 1: 
PIN 1. RF (INPUT 
2, GROUND 
3. GROUND 
5. Vec 1 
6. Vcc 2 
7 
8 
9 


. GROUND 
. GROUND 
_ RF OUTPUT 


INCHES 


eG 
Ped ed [aad nad 
= 


= 
Sl 
io 


fo] 
tJ 
= 
~. 


aabssosse: 


. RF INPUT. 
. GROUND 
3. GROUND 
. Veo 1 
. Vec 2 
. GROUND 
, GROUND 
. RF QUTPUT, Vcc 3 


3 0.210 
0.325 


420 | 4.44 
25.15 | 25.65 
0.170 


lee’ 
~~ 
sm | Sd 
nd | 


ae 
id 


| wf 407 | 457 | 0.160 | 0.180 _| 


CASE 714L-01 
(CA LP, NEG. SUPPLY) 


CASE 714M-01 


J 


INCHES 
MIN. | MAX | 
1.195 | 1,205 _| 


STYLE 1: 
PIN 1. RF INPUT 
2. Vcc (1st STAGE) 
"3. VCONTROL 
4. V7 TRICKLE BIAS 
5. Vc (3rd STAGE) 


[ 30.61 
| 20.87 


30.35 
20.62 


2.005 B: 


5.08 BSC 
P= 632 UNC-28 


0,200 BSC 


CASE 774-01 


- 6, V DETECTOR 
7. RF OUTPUT 
CASE. GROUND 


STYLE 2: 

- PIN 7, RF INPUT 
2. V CONTROL 
3. Vcc (2nd STAGE) 
4, V7 TRICKLE BIAS 
5. Vcc (3rd STAGE) 
6. NO CONNECTION 
7. RF OUTPUT 

CASE. GROUND 


MOTOROLA RF DEVICE DATA 
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0.100 BSC 
0.0145 | 0.0155 


0.018 | 0.022 


0.110 | 0.130. 


0.141 BSC 
0.086-56 UNC 2B | 


26.16:BSC 1,030 BSC 
82° x 2.54 _|Cham. 82° x 100 


CASE 784-01 | 


Q.. 


$6 0.25 (0.010) @ F@| 


[ EY 


PIN. 1— OUTPUT STYLE 1: 
7—Vec PIN 1. OPEN 
41—INPUT OPEN 
23,4,5,6 . GROUND 
8,9,10 — GROUND . TEST POINT 
: . OPEN 
. TEST POINT 
. DATA CARRIER DETECT (DCD) 
. RECEIVED DATA (RXD) 
. (RESERVED) 
. OPEN 
_ READY TO SEND (RTS) 
12 VOLT SUPPLY 
. TRANSMIT DATA (TXD) 
. OPEN 
. , OPEN 
3.00 BSC _ 16. GROUND 


0.788 BSC . GROUND 
, GROUND 


‘CASE 790-01 : : CASE 817-02 


STYLE 4: 
PIN 1. RF INPUT 
. GROUND 
3. GROUND 
. NO CONNECTION 


. RF OUTPUT, Ver 3 


STYLE 1: : 
PIN 1. RF INPUT , . RF INPUT 

. GROUND 
. GROUND 
. NO CONNECTION 
. +¥ec 
. NO CONNECTION 
. GROUND 
. GROUND 5 
. RF OUTPUT , RF OUTPUT, Vcc 4 


"RF INPUT eae "RF INPUT 

. GROUND , GROUND 

3, GROUND . GROUND 

. -Vec . RESISTOR-GROUND 

. NO-CONNECTION . GROUND 

. NO CONNECTION MIN | MAX |_MIN | , GROUND 

. GROUND | 46.39 | 47. : ; . GROUND 

[MIN | MAX | STYLE 1: . GROUND 17.02 ‘ : : . Vec 1 

ta 184.231 6499 | 2.136 12.165 PIN 1. . RF OUTPUT | RF OUTPUT 

p | 3t12 | 31e7 | 1.225 | 1.255 | 2. [0.44 | 0, j | 0, 

|_1.02 | 1. | RE INPUT 
| 9.28 | 


0.805 |” 0.845 
| 2.42 | 
, GROUND 
| 3.31 | 
. GROUND 
| 26.95 | 
V 


3 » Veco 2 
. RF OUTPUT |_U | 37.72 | 3848 | 1.485 | 1515 . RE OUTPUT 
- [Tv [2007 | 2057 0.810 


on 
in 
io 
io 
I 
Oo 


ol=|lS 
Ca 


. RF INPUT 
. GROUND 
3, GROUND 
. NO CONNECTION 


. GROUND 
|_9.91_ | 
: me . GROUND 


: : Veo 1 
|_384 | 4 GROUND 
| 4.15 | 


SwOmrn an Ew 


ND 
fe [ss fe] — 
iS |= wed nN 
co ican ad ad 


ae 
99 | Ien Jo 
B18 ~~ 
oy co 
2 o|2 
oe i |— oo 
far} [ve} 
B sis 
= 


— an | 
weed eee as 
cn o/o 


CASE 825-01 _ CASE 826-01 
(FF) (SIP) 


MOTOROLA RF DEVICE DATA 
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CASE DIMENSIONS (continued) 


STYLE 1: 
PIN 1. 
2. 
» Vect 
. Ve 2 
. GROUND 
. RF OUTPUT 


RF INPUT 
GROUND 


in 
= 
Pad bed 
<> len 
eB |S 


40.74 | 1.596 | 1. 
1.796 _|_ 1.804 


: 1,896 


CASE 830-01 
(MX) 


MOTOROLA RF DEVICE DATA 
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. RF INPUT 

. GROUND 

. RF OUTPUT 
. GROUND 

. GROUND 

. DC+ 


67.10 | 2.634 | 2.642 
| 20.19 | 0.787 


19.99 | 
| 389 | 9.09 | 0.350 | 0.358 
D | 041 | 060 | 0.016 | 


c Qo 
cj 
ito] 
a4 


th 
foe] 
Lae) 


5.01 
E 1.383 
Y_{ 37.67 | 37.87 | 1.483 | 1.491 
CASE 830A-01 
(CAB) 


| ~  -  Yelume I 


| | | | Cross Reference and 
Sales Offices 


Alphanumeric Cross Reference 


Considerable judgment is necessary in creating a cross- 
reference for RF devices. The only real proof of a replace- 
ment is through direct substitution in a particular circuit or 
system. Guidelines used to compare low power parts were 
dc voltage ratings, cutoff frequency, current rating, junction 
Capacitance and noise figure. For high power parts the 
parameters used were dc voltage ratings, output power, 
gain, frequency of operation and output capacitance. 

A direct replacement will always be in a package that is 
the same as or for all practical purposes equivalent to the 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


Industry 
Part Number 


1N5139 
1N5139A 
1N5140 
1N5140A 
1N5141 
1N5141A 
1N5142 
1N5142A 
1N5143 
1N5143A 


1N5139 
1N5139A 
1N5140 
1N5140A 
1N5141 
1N5141A 
1N5142 
1N5142A 
1N5143 
1N5143A 


1N5144 
1N5144A 
1N5145 
1N5145A 
1N5146 
1N5146A 
1N5147 
1N5147A 
1N5148 
1N5148A 


1N5144 
1N5144A 
1N5145 
1N5145A 
1N5146 
1N5146A 
1N5147 
1N5147A 
1N5148 
1N5148A 


1N5441A 
1N5441B 
1N5442A 
1N5442B 
1N5443A 
1N5443B 
1N5444A 
1N5444B. 
1N5445A 
1N5445B 


1N5441A 
1N5441B 
1N5442A 
1N5442B 
1N5443A 
1N5443B 
1N5444A 
1N5444B 
1N5445A 
1N5445B 


1N5446A 
1N5446B 
1N5447A 
1N5447B 
1N5448A 
1N5448B 
1N5449A 
1N5449B 
1N5450A 
1N5450B 


1N5446A 
1N5446B 
1N5447A 
1N5447B 
1N5448A 
1N5448B 
1N54494 
1N5449B . ° 
1N5450A 
1N5450B 


package of the original device. Similar replacement are gen- 
erally but not always in packages that are identical or can 
be readily substituted; for example a .280" stud package in 
place of a .380” stud package or a 100 mil ceramic package 
in place of a 80 mil ceramic package. 

A similar replacement may also be somewhat different i in 
electrical specifications such as lower gain or higher noise 
figure. However, itis Motorola's closest device to the original 
and is considered sufficiently similar to warrant further 
HWestigaton by the device user. 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


industry 
Part Number 


1N5451A 
1N5451B 
1N5452A 
1N5452B 
1N5453A 
1N5453B 
1N5454A 
1N5454B 
1N5455A 
1N5455B 


1N5451A 
1N5451B 
1N5452A 
1N5452B 
1N5453A 
1N5453B 
1N5454A 
1N5454B 
iN5455A 
1N5455B 


iN5456A 
1N5456B 
1N5461A 
1N5461B 
1N5462A 
1N5462B 
1N5463A 
1N5463B 
1N5464A 
1N5464B 


1N5456A 
1N5456B 
1N5461A 
1N5461B 
1N5462A 
1N5462B 
1N5463A 
1N5463B 
1N5464A 
1N5464B 


1N5465A 
1N5465B 
1N5466A 
1N5466B 
1N5467A 
1N5467B 
1N5468A 
1N5468B 
1N5469A 
1N5469B 


1N5465A 
1N5465B 
1N5466A 
1N5466B 
1N5467A 
1N5467B 
1N5468A 
1N5468B 
1N5469A 
1N5469B 


1N5470A 
1N5470B 
iN5471A 
1N5471B 
1N5472A 
1N5472B 
1N5473A 
1N5473B 
1N5474A 
1N5474B 


1N5470A 
1N5470B 
1N5471A 
1N5471B 
1N5472A 
1N5472B 
1N5473A 
1N5473B 
1N5474A 
1N5474B 


MOTOROLA RF DEVICE DATA 
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ALPHANUMERIC CROSS REFERENCE (continued) _ 


Industry 


1N5475A 
1N5475B 
1N5476A 
1N5476B 
202857 
203866. 
204957 
205108 
205160 
205583. 


205943 
2N1491 
2N2631 
2N2857 
2N2876- 
2N2947 
2N31 18 
2N31 19 
2N3296 
2N3309A 


2N3375 
2N3478 
2N3553 
2N3600 
2N3632 
2N3733 
2N3818 
2N3839 
2N3866 
2N3B66A 


2N3880. 
2N3924 
2N3925 - 
2N3926. 
2N3927 
2N3048 
2N3950 
2N3959 
- 2N3960 
2N3961 


2N4012 
2N4040 
2N4041 
2N4072 
2N4073 
2N4127 
-2N4128 
2N4130 
2N4416 
2N4427 


2N4428 
2N4440 
2N4932 
2N4933 
2N4957. 
2N4958 
2N4959 
2N5016 
2N5031 
2N5032 


Part Number. 


‘| 1N5476B 
| 202857 


| 2N8866A 


Motorola Motorola 
~ Direct | Similar IP 
Replacement . Replacement |. No. 


1N5475A 
1N5475B 
1N5476A 


203866 
204957. 
205108 
205160 
205583 


205943 


MRF586 
2N3553 


2N2857 
ow 2N3375 
MRF485 
MRF531 
~ MRF53t 
2N5641 
2N3553 


2N3375 


2N5179 
2N3553 So 
2N5179 
2N3632 


2N3632 
°N3632 


2N3839 
2N3866 


oN5032 


2N3924 


2N5589 
-MRF485 


2N3927 
2N3948 
2N3950 
2N3959 
2N3960 


- 2N5641 
2N3375 


MRF324 
MRF5174 
MRF515 


~ 2N4073 


2N5642 
2N5642: 
MRF464 


2N4416 
2N4427 


2N4428 
2N4440 
2N3927 
2N5071 

2N4957 
2N4958 
-2N4959. 


MRF323 


2N5031 
2N5032 


~ Industry 
Part Number 


2N5053- 
2N5054 
2N5070 
ON5071 


| 2N5090 


2N5102 
2N5108 
ON5109 
2N5160. 
2N5161 


ON5162 
ON5179. © 
ON5180 


| 2N5262 


2N5421 
2N5422 
2N5423 
2N5424 
2N5583 
2N5589 


2N5590 
2N5591 
2N5635 
2N5636 
2N5637 
2N5641 
2N5642 
2N5643 
2N5644 
2N5645 


2N5646 
2N5687 
2N5688 
2N5689 
2N5690 
2N5691 
2N5697 
2N5698. 
2N5699 
2N5710 


ON5711 
9N5712 
9N5713 
2N5773 
2N5774 
2N5775 
2N5829 


2N5834 


2N5835 
2N5836 


2N5837. 
2N5841 
2N5842 
2N5846 
2N5847 
2N5848 
2N5849 
2N5862 
2N5913 
2N5914 


MOTOROLA RE DEVICE DATA 
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Motorola 
_ Direct. 


Replacement 


2N6305 
oN6304 


| 2N5070 


ON5071, 
2N5090 


- 2N5108 


2N5109- 


| 2N5160 
- 2NB179 


2N4427 
MRF607 


2N3927 
2N5583 
2N5589 


2N5590 


~2N5591 


— 2N5641 


2N5642 


~2N5643 


MRF607 


MAF515_ 


2N4073- 


2N3553 
2N5835 
2N5836. 


2N5837 


MRF234 
2N5849 
2N5862 
MRF607 


Motorola 
Similar = 
Replacement || . 


| 2N5071 


-2N6096 
| 2n6096 


2N5179. 
MRF531 


_MRF261 


MRF5174 
MRF321 
MRF323 


2N5944 
MRF652 


- MRF653 


2N6081 


2N6081 
MRF234 
oN5849 


ON5944 
2N5945 


oN564 1 
2N5642 
2N5643 
MRF5174 
MRF321 
MRF325 
2N4957 


MRF914 
MRF914 
MRF433 
MRF479 


2N5944 


7 Motorola Motorola 
_ Industry Direct Similar 
Part Number Replacement Replacement © | 


2N5915 ~ 2N5946 


2N5916 MRF5174 
2N5917 MRF5174 
2N5918 - MRF821 
2N5919A MRF323 


2N5941 “MRF466 


2N5942 


MRF464 


2N5943 2N5043 
ON5944 2N5044 
2N5945 ~2N5945 


2N5946 2N5946 


2N5992 MRF232 
2N5993 MRF234 
2N5994 MRF315 
2N5995 MRF212 
2N5996 / 2N5591 


2N6080 2N6080 
2N6081 2N6081 
2N6082 2N6082 


2N6083 2N6083 


-2N6084 
2N6093 


2N6084 ns 
MRF464 


2N6094 - 2N6094 
2N6095 2N6095 
2N6096 2N6096 


2N6097 2N6097 


MRF325 


2N6104 
2N6105 MRF325 
2N6136 MRF644 


2N6166 2N6166 


2N6197 
2N6198 
2N6199 


2N5641 
2N5642, 
- 2N5643 


2N6200 2N5643. 
2N6201 2N6166 
2N6202 MRF5174 
2N6203 _ MRF321 
2N6204 MRF323 
2N6205 MRF325 
2N6206 MRF891 


MRF892 © 
MRF237 
MRF559 


2N6207 
2N6255 
2N6256 
2N6304 
2N6305 
2N6366 
2N6367 


2N6304 
2N6305 


| 2N6080 
MRF433 


MRF460 


2N6368 | 
2N6370 MRF410 
2N6439 2N6439 


2N6455 MRF449A 


2N6456 ‘MRF450A 
2N6457 -MRF492A 
2N6458. _MRF406 
2N6459 MRF450 
2N6460 MRF492 
2N6603 2N6603 
2N6604 2N6604 
2N6617 2N6617 
-2N6618 


- 2N6618 


ALPHANUMERIC CROSS REFERENCE (continued) | 


Industry | 


Part Number. 


2N6679 
2N6985 
2N6986 
29A1161 
29A1223 
25A1228 
25A1230 
2SA1245 
29A711 
29A800 


2801043 
2801044 
2801081 
28C 1090-1 
2801119 
2901239 
2801251 
2801252 
2801253 
2801254 


2801256 
2801257 
2801258 
2801259 
2801260 - 
2501268 
2801275 
2801297 
2801298 
2801306 


2801307 
2801329 
2901336 
2801365 
2801366 © 
2801424 
2501426 
2801560 
2901589 
2801590 


2SC1591 
§C1592 
201593 
2801594 
2501600 
2501603 
2501604 
2SC1605A 
2801606 
2501656 


2901678 
2501689 
2801729 
2801763 
2901764 
2801804 
2801805 
2801807 
2801808 
2801945 


MOTOROLA RF DEVICE DATA 
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Motorola . 
Direct 
Replacement 


2N6679 
2N6985 
2N6986 


MM4049 


MMBR4957 
2N3959_ 
MM4049 


MRF587 


“2N6304 


2N6304 
2N6255 


2N6081 


2N2857 


2N2857 


MRF485 
2N5849 


MRF586 
MRF586 
MRF914 


MRF476 


-MRF464 


MRF479 


Motorola 
Similar 
. ‘Replacement 


MM4049 
MRF536 


MRF536 — 


MRF654 
2N6604 

MRF901 
MRF475 
MRF587 
MRF586 
MRF586 


2N6081 
2N6083 
MRF572 


2N5643 
MRF315A 
MRF485 


MRF9572 


MRF965 
MRF572 
MRF260 
MRF262 


MRF262 
MRF587 
MRF587 
MRF587 
MRF586 
MRF752 
MRF750 
MRF2628 
2N6080 
MRF903 


MRF315A 
MRF2628 
MRF464 


MRF321 
~MRF323 
BFY90 
MRF652 


ALPHANUMERIC CROSS REFERENCE (continued) © 


Motorola Motorola | Motorola - Motorola 
Industry Direct | ‘Similar Industry Direct | Similar 
Part Number Replacement Replacement Part Number Replacement. | Replacement 


‘| 2801946 MRF1946 2502509 MRF479 
9SC1946A | MRF1946A : 2502510 MRF422 
28C1947 MRF237 : 202570 MPS571 
9SC1949 MRF962 | | 2802586 MRF629 
2801955 MRF237 Piges 2502627 2N6080 
2501966 2N5945 90 2502628 a MRF2628 
2SC1967 oa ee 2N5946 . 2502629 : MRF1946A 
2SC1968A - MRF641 2502630 “ MRF 247 
2501969 MRF475 2502642 MRF641 
2801970 a. MRF553 2802643 MRF644 


2SC1971 MRF260 o 2502652 
‘| 2801972 MRF262 2502694 MRF247 
| 2801988 MRF914 | 2802753 -MPS571 
2802025 oe MRF965 202759 MMBR91 1 
28C2026 MPS911 7 2802782 MRF247 
‘| 2802040 MRF587 | ‘| 2$C2783 MRF646 oe 
| 2502065 <s MRF587 i 2802876 MRF571 
2802075 -MRF476 — | 2502879 ~ MRF421 
2502081 - 2N5944 90 2502886 MRF321 
2502082 2N5946 2SC2887 MRF321 


MRF448 


2802083 MRF654 2902888 | MRF314A 
2502098 MRF475 2802889 . MRF315A 
2802099 MRF406 . 2502890 MRF316 
2802100 MRF492 | 282891 MRF317 

2802101 2N6081 2802892 MRF5174 

2802102 — MRF2628 2802893 MRF321 
2502103A MRF1946A 2902894 MRF323 
2802104 ” MRF652 2902895 MRF325 

2802105 MRF653 2802896 MRF309 

2502106 MRF654 2902897 MRF327 


2802131 MRF629 ~ | | 28C2905 MRF646 
2802132 MRF646 2SC2906AK MRF754 
2502148 ~2N6604- | 2SC2906AM MRF754 
2802149 ~ MRF572 : 2502915 MRF648 

2802174 MRF572 2SC2917 MRF247 

2502178 : MRF221 2SC2931 | MRF557 
2502181 MRF224 . -| 2502932 MRF840 
202207 MRF475 | 2502933 MRF842 
2802217 | MRF572 2SC2946A |. MRF646 
2502218 MRF572 2502952 MRF586 


2802222 2N5946 2902953 . MRF587 
2802280 2N5944 -90 : 282954 . MRFQ19 
2802281 2N5946 . 2903011 MMBR901 
2902282 MRF2628 e | 2803019 MRF559 

2802290 MRF454 : 2803020 | MRF652 
2802329 MRF607 2903021 . MRF653 
2502350 MRF911 foo 2803022 MRF644 
2802351 MMBRS71 hee 2903099 MMBR901 

2502367 a MRF572 2sC3i01 MRF630 

2802369 MRF2369 2803102 : MRF648 


2802395 MRF433 | | | ascatos a MRF752 
2802420 MRF1946 | | | 2scato4 : MRF754 
2SC2494K MRF750 2803105 fos MRF844 
2SC2494M MRF750 2803120 o MMBRO11 
- 28C2495K | MRF752 2803133 MRF479 

28C2495M ? MRF752 | 2803139 MRF890 
2SC2496A MRF646 2803147 : MRF247 
2502498 MPS911 28C319 2N4427 | 
asc24g9 MPS901 | 280320 MRF607 


2802508 MRF 1946 : 2903268 MRF5711 


-MOTOROLA RF DEVICE DATA 
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ALPHANUMERIC CROSS REFERENCE (continued) 


2803282 
2803283 
2803301 
2803302 
2903355 
2503356 
2803358 
2803429 
2803445 


2803583 
2803584 
2803604 
28C3660A 
290567 
250568 
290571 
280572 
28C573 
280585 


2SC597 
250598 
280600 
280628 
280635 
250636 
280637 
280638 
2SC651 
280652 


250730 
250821 
250822 
250823 
250824 
2SC831 
250852 
250890 
2SC801 
250892 


250988 
25C988A 
280990 

290994 

250998 

36821B 
35821E 
358228 
35822E 
35824A 


35825B 
35825E 
4006 
‘| 40080 
40081 
40082 
40240 
40279 
40280 
40281 


industry 
Part Number 


28C3582__ 


Motorola Motorola 
Direct Similar 
Replacement Replacement 
MRF842 
MRF844 


MRFS711 


MRF571 
eo MPS571 
MMBR571 

MRF572 


MMBR571 


MMBRS71 
MPS571 


MMBR571 
MRF571 
MRF572 
TPV6080B 


MRF502 
MRF501 
2N3924 


2N3927 
2N3632 


2N3553 


2N4440 
2N3632 » 2 
MRF607 
2N3375 
2N3632 


MRF485 


2N3927 
2N4428 


2N4428 
| 2N4427 


2N4427 


2N4427 


2N5109 
2N5943 
MRF323 
2N5943 
MRF515 
MRF652 
MRF653 


e MRF914 
MRF914 | 


MRF323 
-2N4427 
MRF237 
2N6603 
2N6603 
2N6603 
2N6603 
MRF904 


2N6603 
2N6603 
_MRF464 
MRF476 
MRF476 
MRF475 


| MRF501 
2N3375 
2N4427 


MRF485 


40282 
40290 
40291 
40292 
40340 
40341 


| 40446 


40578 
40581 
40582 


40608 
40637A. 
40665 
40666 
40893 
40894 
40895 
40896 


| 40897 


40915 


40934 
40936 
40940 
40941 
40953 
40954 
40955 
40964 
40965 
40967 


40968 
40970 
40971 
40972 
40973 
40974 
40975 
40976 
40977 
41009 


41009A 


| 41010 


41024 
41025 
41026. 
41027 
41028 
41038 
80091 
80099 


80167 
80231 
eBSE10 
8BSE30 
BMOBI 
8MOB10 
8MOB15 
8MOB15E 
8MOB2 
8MOB25 
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_ Industry 
Part Number 


| MRF511 


Motorola 
Similar ; 
Replacement — 


Motorola 
Direct 
~ . Replacement - 


2N3927 
2N3553 
2N3632 
2N3632 
2N5071 
2N3950 


MRF475 
2N3866 


| MRF475 
‘MRF475 


2N5943 


MRF515 
_ 2N8375 
2N3632 


2N5946 


- 2N5179 

2N5179 
» 2N5179 
2N5179 


2N5031 


MRF616 
2N5070 
MRF5175 


| MRF313 
MRF207 
MRF212 
MRF1946A 
_MRF515 
MRF515 
2N5944 


2N5946 
MRF644 
MRF646 
MRF607 
2N6081 
2N6082 
2N3553 
2N3553 
2N5642 
MRF616 


2N5944 
2N5946 
2N5108 
MRF321 
MRF323 
MRF321 
MRF323 
MRF905 


MRF525 


MRF511 
MRF511 
MRF892 
MRF894 
MRF838A 


MRF840 


MRF842 
MRF873 


MRF839 


~ MRF844 


8MOB30_- 
8MOB45 
8MOB5 

| 8MOB5E 
| 9BSE10 
| 9BSE2 
QBSE35 
QBSE55 
A15-12 
A210 


A234 
A25-28 
A3-12 
A3-28 
A400 
A401 
| A402 
A403 
A406 
A440 


A485 
A486 
A490 
A500 
A501 
A510 
A5tt 
A516 
A522 
A523 


A561 
A573 
A574. 
A80-12 
A80-12G 
ABC900-60E 
ACR900-30E 
ACR900-30U 
AMR175-60 
AMR225-60 


AMR440-60 
AMR470-60 
AMR88-60 
AMR900-30 
AMR900-60 
AMR900-60A 
AMR960-35E 
AMR960-35HE 
AMR960-35HU 
AMR960-35U 


AMR960-70E 
AMR960-70U 
AP 15-12 
AP30-12 
AP30-12L 
ATO017 
ATOO17A 
ATO04 © 
AT0045 
AT1425 


~ Industry 
Part Number 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola. Motorola 
Direct Similar — 
Replacement Replacement | 


MRF844 


MRF846 


MRF841F 


MRF839F 


MRF892 


MRF890 
MRF894 
MRF898 


MRF406 
MRF517 | 


MRF581 
MRF314A 


2N6081 
si 2N5641 
MRF904 F 
MRF914 tae 
MRF904 
MRF914 
MRF965 


MM4049 


BFX89 
BFW92A 


BFX89 


2N6603 
2N6603 
2N6604 


2N6604 


MRF581 
MRF521 
| MRFS2t1 


MRF962 
MRF572 


| MRF572 
MRF492 
MRF492 


ABC900-60E 
ACR900-30E 
ACR900-30U 
AMR175-60 
AMR225-60 


AMR440-60 
AMR470-60 
AMR88-60 
AMR900-30 
AMR900-60 
AMR900-60A 
AMR960-35E 
AMR960-35HE 

_AMR960-35HU 

AMR960-35U 


AMR960-70E 
AMR960-70U 
MRF261 
MRF477 
MRF477 
MRF904 
MRF904 


MRF904 


MRF904 


BFR90 


9-7 


industry 
~ Part Number : 


AT1825 
AT1845 
AT1845A 
AT25 
AT25A 
AT25B 
AT2625 
AT2645 
AT2645A 


| AT2715 


AT50. 
AT51 
AT52 
ATV5030 
ATV6030 
ATV7050 
Bi-12 
Bi2-12 
B12-28 


| B15-12 
B2-82 


B25-12 
B25-28 
B3-12 
B3-28 
B30-12 
B40-12A 


| B40-28 


B45-12 
B5-82 
B70-28 
B8-12 
BALO105-100 
BALO105-50 
BAM100SR 
BAM120 
BAM120SR 
BAM20 
BAM40 
BAM40SR 


| BAM80 


BAMS0SR- 


| BF100-35 


BF14-35 
BF25-35 
BF430 
BF430L 
BF431 
BF431L 
BF432 


BF4321 
BF433 
BF50-35 
20BF679_ 
BF7-35 
BFG90A 
BFGSIA 


-BFG96 


BFP10 
BFP91A 


MOTOROLA RF DEVICE DATA 


Motorola 
Direct 
~ Replacement 


|. 2N6604 
~-2N6603 


2N6603 


MRF962 


BFR90 


- BFR90 


BFR90 

ATV5030 
ATV6030 
ATV7050 


ONG081 
ON5642 
2N6081 


2N6082 
2N5643 
2N6080 
2N5641 
2N6083 
2N6084 


2N6084 


MRF212 


MRF314 
MRF315 
MRF315 


MRF136 


BF430 


| BF430L 


BF431 
BF431L 
BF432 


BF432L 
BF433 
MRF172 


-MBF134- 


MRF2369 
MRF961 


~ MRF573 


Motorola 
Similar — 
Replacement 


MRF901 
MRF901 
MRF901 
2N6603 


-2N6603 


2N6603 


MRF553 


2N6080 


—-2N5643 


2N6081 
2N6166 


MRF392 
MRF3g0 
MRF317 
MRF317 


“MRF317 


2N6166 


2N6166 


MRF 174 


MRF137 


MRF536 


MRF901 


MRF914 


ALPHANUMERIC CROSS REFERENCE (continued) 


= Motorola — Motorola Motorola Motorola 
Industry Direct Similar. : Industry — Direct | Similar . 
Part Number Replacement Replacement : Part Number | Replacement Replacement 


BFP96 MRF581 BGY41A MHW710-1 

BFQI7 MRFQ17 —BGY41B MHW710-2 

BFQ18A MRF5812 BGY41C MHW710-3 

BFQ19 MRFQ19 BGY50 MHW1121 

BFQ22 MRF904 BGY51 MHW1122 

BFQ23 MRF536 BGY52 | MHW3171 

BFQ34 TP3401 BGY53 MHW3172 
| BFQ34T MRF580 BGY54 MHW3171 

BFQ42 TP2306 BGY55 MHW3172 

BFQ43 MRF237 BGY56 MHW3222 


BFQ43 TP2314 BGY57 MHW3222 

BFQ51 MRF536 BGY58A MHW3342 

BFQ63 MRF914 BGY61 MHW1134 

BFQ66 MRF972 | BGY65 MHW1184 

BFQ68 TP3402 BGY67 MHW1224 

BFQ85 MRF571 BGY67A MHW1244 

BFR36 MRF517 BGY70 - | MHW5122 
BFR38 2N4959 : BGY71 MHW5122 

BFR49 2N6603 BGY78 MHW5342 

BFR53 MMBR920 BGY84 MHW5171 


| BFR63 MRF511 BGY84A MHW5181 
BFR64 MRF511 | BGY85 _| MHW5172 
BFR65 MRF511 | | BGY85A MHW5182 
BFR90 BFR90 | BGY91 , 
BFR90A BFR90 7 BGY92 MHW820-1 
BFR91 BFR91 : BLF145 MRF138 

| BFROIA | MRF571 BLF147 MRF140 

_BFR92 -BFR92 | BLF175 MAF148 

BFR92A BFR92A BLF177 MRF 150 

| BFR93 BFR93 BLF242 MRF134 


MHW806A1 


BFR9SA ‘BFRQ3A - BLF244 MRF 136 

37BFR94 MRF587 . BLF245 MRF137 

BFR95 MRF517 BLF246 MRF172 

BFR96 BFR96 BLT90 ; TP301 
BFR96S MRF580A_ BLTS0SL TP301S 
BFR99 BFR99 BLU20/12 MRF644 

BFRC90 BFRC90 BLU45/12 MRF646 

BFRC91 BFRC91 BLUS2 MRF390 

BFRC96 BFRC96 BLUS3 MRF392 
BFS17 BFR93 BLU60/12 MRF648 


BFS17S__ BFR93- BLU98 MRF581 
BFS22A 3 2N3924 BLU99 TP3011 

| BFT24 -MRF931 BLV10 TP8828F 
BFT50 MRF904 BLV11 MRF221 
BFT95 MRF536 BLV15/12 MRF221 
BFT96- MRF536 BLV20 2N5641 
BFWi6A MRF517 BLV21 MRF314 
BFW17A MRF517 BLV25 TP9383 
BFW46 2N3924 ee BLV30 MRF5175 
BFW47 2N3553 — ; BLV31 | TPV394A 


BFW92A BFW92A a | BLV32F TPV385 
BFW93 MRF911 | BLV33 TPV376 
BFW94 MRF559 a BLV33F TPV387. 
BFX89 BFX89 BLV36 TPV3100 
BFY90 BFY90 =e : BLV38 TPV3250B 
BG41C MHW710-3 BLV45/12 MRF433 
BGD102 MHW5185 . i BLV57 TPV657 

BGY40A MHW709-1 — ‘ BLV59 TPV695B 
BGY40B MHW709-2 BLV75/12 MRF247 

BGY40C MHW709-3 > ed BLV75/12 TP2370 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola | Motorola 


| Motorola | Motorola as 
Part Number Replacement | Replacement | Part Number + Replacement---"|. Replacement 


BLXO4A | | MBF325 


BLV80/28 MRF316 


BLV90 MRF838A ‘| BLX94C MRF323 
BLV91 MRF839 BLX95 MRF325 
BLV92 - TP3013 BLX96 :  TPV596 


MRF840 


BLV93. BLX97. a “| TPV597 
BLV94 TP3012 Ba BLX98 “TPV598 
BLV95 | MRF844 BLY53A |. 2N5946 
BLV96 | MRF846 


BLY57 . _MRF485 


BLV97 MRFB894 BLY58 2N3927 
BLW29 MRF2628 BLY59 9N3375 
| BLW31 MRF1946A 


a | BLY6O. 2N3632 
TPVS591 We. 


| BLW32 © BLY87A : MRF212 
BLW32 TPV596 BLY87C TP8828 _ 
BLW33 |. TPV597 BLY87C ‘MRF2628 Et 

| BLW34 ‘| “TPV593 - BLY88A | 2N6081 
BLW34 ; TPV693 BLY88C 2N6081 Ge. 

| BLW50F MRF464 Phe oe. BLY89A - | 2N6082 

| BLW60 -2N6084 BLY89C 2N6082 pee ta 
BLW60C 


2N6084 BLY89C TP2325 


| BLW64 BLYSIA | 2N5641 
| BLW75 
BLW76 
BLW77 
BLW78 


MRF208 


MRF226 
MRF464 


BLYSIC | ON5641 
BLY92A -2N5642 
BLY92C ON5642. bate. 
BLY93A ; MRF314A 


MRF422 
MRF464 


| 2N5944 | 


BLW79 BLY93C MRF314A on 
BLW79 PT8809A BLY94 ~ MRF315A 
BLW80 MRF652 BM100-28 MRF317 
BLW81 2N5946 BM30-12 — MRF216 [es 

| BLW81 PT8811A BM45-12 MRF247 


| BLW81 TP2510 


BM70-12 MRF247 


BLW82 MRF644 BM80-12 MRF247 

| BLW83 MRF426 i BP15-12 MRF262 
BLW84 MRF314 soa BP30-12 MRF264 np dias, 
BLW85 a MRF224 BP30-12L MRF264 
BLW85SP MRF224 BP8-12 | MRF262 
BLW86 MRF1946 Pen ahs BT500 BT500 

| BLW87 ~ MRF 1946 BT500F BT500F 


Ci-12 MRF616 oe oa 
C1-28 1 MRF313 
Ct/2-12 MRF626 ne 


012-28 ~ | MRF821 


BLW89 
| BLW90 
BLW91 


MRF95174 
MRF5175 
MRF321 


BLW95 MRF429 


MRF448 


BLW96 (2-82 MRF752 | 
BLW97 MRF422 | C25-28 : | MRF323 
BLW98 TPV598 C2M100-28 MRF329 ae 
BLW99 MRF421 | | C2M100-28A | MRF329 ‘ae 
BLX13 ~ MRF426 C2M50-28 i: | MRF326 
BLX13C MRF426 {| C2M50-28R -MRF326 

| BLX14 MRF464A | C2M60-28 2N6439 We, 
BLX39 MRF315A i | C2M60-28R 2N6439 

| BLX65 MRF629 C2M70-28R MRF327 
BLX66 2N5944 C3-12 | MRF652 
BLX67 2N5946 | €3-28 MRF5174 | 
BLX68 _ 2N5946 40-28 - MRF325 
BLX69A MRF654 05-12 MRF652 Pe 
BLX91 MRF313 C582 | MRF754 
BLX91A MRF313 CA100 -MHW1171 
BLX92 MRF5174 CA200 -MHW1172 
BLX92A | -MRF5174 CA2100 MHW3171 _ 
BLX93 MRF321 CA2101 CA2101 


BLX93A ‘MRF321 CA210iR CA2101R 
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CA2200 
CA2201 
CA2201R 
CA2300 
CA2300R 
| CA2301 


CA2418 
CA2418R 
CA2422 


CA2600 


CA2603 
CA2700 
CA2800 
| CA2800B 
| CA2800H 
CA2810 
CA2810B 
CA2810H 


CA2812 


CA2813 
CA2813B 
| CA2813H 
‘| CA2818 
CA2818H 
CA2820 
CA2820H 
CA2830 


CA2830H 
CA2832 
~CA2832H 
CA2833 
CA2840H 
} CA2840- 
CA2842 
CA2842B 


CA2846 


CA2850 
CA2850R 
CA2850RH 
CA2851R 
CA2870 
CA2870H 
CA2875R 

| CA2875RH 


CA2876RH 


CA2882 
CA2882H 


CA2885 
CA2888 
| CA2888H 
| CA2889 
CA2889H 
CA2890 


Industry | 
Part Number . 


CA2301R — 


CA2601BU 


| CA2812H © 


CA2842H 


CA2876R 


CA2880R 


CA2885H 


ALPHANUMERIC CROSS REFERENCE (continued) 
qe Motorola 
Similar 
Replacement 


Motorola © 
Direct 
- Replacement 


MHW3172 
CA2201 


-| CA2201R 


—CA2300 
CA2300R 
CA2301 
CA2301R 
CA2418 
CA2418R 
CA2422 


CA2600 


MHW1344 
CA2700 
CA2800 
CA2800B 
CA2800H 
CA2810 
CA2810B 
CA2810H 


CA2812 
CA2812H 
CA2813 

CA2813B 


CA2818 
CA2818H 
CA2820 

CA2820H 
CA2830 


CA2830H 
CA2832 
CA2832H 
CA2833 
~ CA2840H 
CA2840 
CA2842 
CA2842B 
CA2842H 
CA2846 


MHW1182 
CA2850R 


CA2851R 
CA2870 
CA2870H 


| CA2875R 
CA2875RH 


CA2876R 


CA2880R 
CA2882 
~CA2882H 

CA2885H 

CA2885 
 CA2888 
CA2888H 
CA2889 
CA2889H 
CA2890 


CA2813H 


CA2850RH 


CA2876RH 


CA2890B 
CA2890H 
CA2891 
CA2891H 
| CA3100 
CA3101 
| CA3101R 
CA3170 
CA3170R 
CA3180 


| CA3200 
CA3201 
CA3201R 
CA3220 
CA3220R 
CA3270 
CA3270R 
CA3280 
CA3300 


CA3301 
CA3301R 
CA3600 
CA3700 
CA401B 
CA4101 
CA4101R 
CA416 
CA4170 
CA4170R 


CA418 
CA4180 
CA4204 
CA4201R 
| CA4220 
CA4220R 
CA4270 
CA4270R 
CA4280 
CA4300 


CA4301 
CA4301R 
CA4411 
CA4412 
CA4418 


CA4422 
CA4422R 
CA4424 


CA4600 
CA4700 
CA4800 
CA4800H 
CA4812 

CA4812H 
CA4815 


CA5101 
CA5101R 
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Industry 
Part Number - | 


CA3300R — 


CA4300R 


CA4418R 


CMB15H 


-CA2890H 
CA2891 
CA2891H 
MHW3171 
CA3101 

-CA3101R 

CA3170 

CA3170R 

CA3180 


MHW3172 
CA3201 
-CA3201R 
CA3220 


| CA3220R 


CA3270 
CA3270R 
CA3280 
CA3300 
CA3300R 


CA3301 
CA3301R 
CA3600 
CA3700 


CA4101 
CA4101R 


CA4170 
CA4170R 


MHW1184 
CA4180 
CA4201 
CA4201R 
CA4220 
CA4220R 
CA4270 
CA4270R 
CA4280 
CA4300 


CA4300R 
| -CA4301 
CA4301R 
CA4411 
CA4412 
CA4418 
‘CA4418R 
CA4422 


CA4600 
CA4700 


| CA4800 


CA4800H 
CA4812 
CA4812H 
CA4815 
CA4815H 
CA5101 
CA5101R 


Motorola 
Direct 
Replacement 


CA2890B 


MHW1182 


CA4422R 
| MHW1244 


Motorola 
Similar 
Replacement 


-MHW1 184 


CA5170 


CA5180 
CA5201 
CA5201R 
CA5220 
CA5220R 
CA5270 
CA5270R 
CA5280 


CA5300 
CAS300R 
CA5301 
CA5301R 
CA5501 
CA5501R 
CA5520 
CA5520R 
CA5600 
CA5700 


CA5800 
CA5800H 
CA5815 
CA5815H 
CA601BIU 
CA6101 
CA6201 
CA6220 
CA636 
CAG501 


CA6520 
CA801 
CA804 
CA860 
CA870 
CA900 
CA900H 
CAB914 
CBS07 
CBS13 


CD1752 
CD1802 
CD1880 
CD1979 
CD2035 
CD2087 
CD2088 
_ CD2089 
CD2505 
-CD2514 


CD2545 
CD2810 
CD2811. 
C2812 
C2813 
CD3025 
CD3240 
CD3400 
C3401 
CD3403 


Gy 


Industry 
Part Number 


CAS170R — 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola Motorola 
Direct Similar 
Replacement Replacement 


CA5170 
CA5170R 
CA5180 
CA5201 
CA5201R 
CA5220 
CA5220R 
CA5270 
CA5270R 
CA5280 


CA5300 
~ CA5300R 
CA5301 
CA5301R 
CA5501 
CA5501R 
CA5520 © 
CA5520R 

CA5600 
CA5700 


—CA5800 
CA5800H 
CA5815 

CA5815H 


MHW1342 
CAG101 ae 
CA6201 
CA6220 
MHW1342 
CA6501 


CA6520 
MHW590 


MHW590 
MHW592 
MHW590 
CA900 
CA900H 
CAB914. 
CBSO07 - 
CBS13 


a MRF317 
MRF226 
CD1880 


MRF325 


MRF5175 


MRF5175 


MRF321 
MRF323 
MRF5175 


2N6081 


MRF450 
MRF321 
MRF321 
MRF821 
MRF321 


2N5946 
CD3240_ 


MRF315 
MRF316 
MRF317 
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Industry 
Part Number 


CD3463 
CD3640 
CD3660 
CD4024 
CD4880 
CD5880 
CD5916 


-CD5918 


CD5919A 
CD5944 


CD5945 
CD5946 
CD6105 
CD6105A 
CD6150 
CD7012 
CF4-28 
CG125 
CG125A 
CG125B 


CG125C 
CG125D 
CG125L 
CG127 
CG127A 
CG127B 
CHEO 
CM10-12A 
CM10-28 
CM20-12A 


CM25-28 
CM25-28A 
CM30-12A 
CM45-12A 
CM45-28 
CM60-12A 
CM80-28 
CM80-28R 
CME50-12 
CP5-12 


CR2424 
CR2424H 
CR2425 
CTC1175M 
CTC1350M 
CTC14 
CTC15 
CTC2001A 
CTC2003A 
CTC2005A 


CTC2010 
CZ8110 
C8120 
CZ8130. 
CZ8210 
C8220 
CZ8230 
CZ8310 
C8320 
CZ8330 


MOTOROLA RF DEVICE DATA 


Motorola 
Direct 
_ Replacement 


MRF421 
CD3640 
CD3660 
MRF224 
CD4880 
CD5880 
MRF5174 
MRF321 
MRF323 
2N5944 


2N5945 
2N5946 


CD6150 
MRF454 
MRFA61 
2N6603 


2N6604 


MRF572 


MRF641 


MRF325 


MRF644 
MRF646 


MRF648 
MRF327 


-MRF327 


MRF660 


cR2424 
CR2424H 
CR2425 
MRF1150M 
MRF1325M 


MRF2001 
MRF2003 
MRF2005 


|. MRF2010 


MWA110 
MWA120 
MWA130 
MWA210 
MWA220 
MWA230 
MWAS10 
MWA320 
MWA330 


MRF325 
MRF325 


2N6603 
MRF572 


| MRF572 


-2N6604 


MRF572 
MRF572 
MRF616 
MRF641 
MRF321 


MRF325 


MRF326 


MRF648 


_ MRF464A 


MRF428 


Motorola | 
Similar 
Replacement 


ALPHANUMERIC CROSS REFERENCE (continued) 


: Motorola Motorola Motorola Motorola 
industry Direct Similar Industry Direct — Similar Page 
Part Number Replacement Replacement Part Number ‘Replacement Replacement No. 


pv2840s MRF171 a 0-445 


CZ8401 MWA110 


CZ8402 MWA120 DV2880U MRF172 | 2-453 
CZ8403 MWA230 ESM269 MRF914 2-920 
CZ8404 MWA230 FF124 FF124 — 

CZ8461 MWA110 FF224 FF224 5-134 
CZ8462 MWA120 FM150 TP9398 —_ 

CZ8463 MWA230 | FM175 TP9383 2-1258 
CZ8464 MWA230 GM-104-100 MRF329 2-560 
D1-12E MRF838A GM-104-1A MRF313 2-522 


MRF313 GM-104-20 MRF323 2-544 


MRF838A 


D1-28 


D1/2-12 
D10-28 
D10P. 

D2-12E 
D20-28 
D3-28 

DHP02-36-40 
DHP05-18-20 
DHP05-36-10 
DHP 10-14-15 


GM-104-4 MRF5174 2-1045 
GPA1001 : MWAS10 5-273 
GPA1002 MWA320 5-273 
GPA1003 MWA330 5-273 
| GPA1004 MWA320 5-273 
GPA1005 MWA320 5-273 
GPA1006 MWA330 5-273 
GPA1007 MWA330 5-273 
GPA501 MWA210 5-265 
GPA502 MWA220 5-265 


MRF321 


MRF1015MC 
MRF839 


MRF323 


MRF5174 - 


DHP02-36-40 
DHP05-18-20 
DHP05-36-10 
DHP10-14-15 


DHP10-32-08 
DM10P 
DM30-12BA 
DM30P 
DMS50P 
DMB10-12 
DMB10-12BA 
| DMB10-25 
DMB15-12 
DMB20-12 


DMB20-12BA 

DMB30-12 

~_DMB30-25 
DMB45-12 
DMB45-12BA 


DHP 10-32-08 GPAS03 MWA230 5-265 
GPA510 MWA210 5-269: 
GPA511 MWA220 5-265 
GPA512 MWA230 Ant ae 5-265 
GPD110 MWA110 5-257. 
GPD120 MWA120 5-297 
GPD130 MWA130 5-207 
-GPD310 MWA310 5-273 
GPD320 MWA320 5-273 

~ GPD330 MWA330 . 5-273 


GPD401 MWA110 5-207 
GPD402 MWA120 5-257. 
GPD403 MWA230 5-265 
GPD404 | MWA230 5-265 
GPD461 MWA110 5-257 


MRF1015MB 


MRF844 


MRF1035MB 
MRF1090MB 


MRF840 
MRF840 
MRF892 


MRF842 


MRF842 


| MRFe42 
_MRFB44 
MRF894 
MRF846 
MRF846 


DMB5-12 MRF841F | GPD462 MWA120 5-257 
DMB5-12BA MRF841F GPD463 MWA230 5-265 
DME10 MRF1015MA GPD464 MWA230 5-265 
DME120L H100-28 MRF422 2-607 


MRF1150MC 


DME150 MRF1150M 


DME2 


H100-50 MRF428 2-619 


MRF1002MA H175-50 MRF428- 2-619 


H50-28 MRF464 


DME25 MRF1035MC 2-653 
- DME250 MRF1250M HMIL-100-28 MRF422 : 2-607 
DMESOL MRF1035MC HMIL-150-50 MRF429 2-623 
DME375 MRF1325M HXTR2102 2N6604 2-129 
DME375A MRF1325M HXTR6104 2N6603 2-125 
DMES0 MRF1090MC HXTR6105 | 2N6603 2-125 
DMEGL MRF1008MC IMD2001 MRF2001 | 2.992 
DME7 MRF1008MC ImMD2003 MRF2003 | 2-1000 
DME75 MRF1090MB IMD2005 MRF2005 2-1008 
DMEG250 MRF1250M IMD2010 MRF2010 2-1016 
DMEG70 MRF1090MC IMD604HA MRF2001 2-992 
Dv1006 MRF137 | IMD604HB MRF2003 2-4000 
DV1007 MRF171 IMDBO4HC MRF2005 2-1008 
-Dv1008 _MRFA72 J02015A - J02015A 2-176 
DV1010 MRF174 J02017 J02017 : 2-177 
Dv2805S MRF134 J01006 JO1006 | 2-172 
Dv2810S MRF136 Jo2000 | MRF325 2-548 
Dv28120U MRF174 402005 MRF325 2-548 
pv2s20S MRF136 JO2007A 2N6439 | 2-121 


MOTOROLA RF DEVICE DATA 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


J02009 
J02014 
JO2015A 
J02016 
J02017 
J03012 
J03015 
J03020 
| JO03025 
J03028 


J03030 
J03035 
J03037 
JO3040 
J03045 
JO3050 
JO3055 
JO3060 
J03401 
JO3402 


J03403 
J03404 
JO3405 
J03406 
JO3501 
JO3502 
J04020 
J04028 
JO4030 
JO4036 


J04040 
J04045 
JO4070 
J04075 

| J04080 
LMIL1 
LNA1001 
LT1001A 
LT1739 
LT1814 


LT1817 
LT1839 
LT2001 
LT3005 
LT3014 
LT3046 
LT3047 
LT3072 
LT3203 
LT3204 


-LT3700 
LT3703 
LT3704 
LT3746 
T3772 
LT4217 
LT4239 
LT4403 
T4404 
LT4485 


Motorola 
Direct . 
Replacement 


MRF325 
MRF326 
JO2015A 


J02017 


MRF641 
JO3020 


-| MRF644 


J03037 


MRF646 


MRF650 


MRF648 
MRF840 
MRF842 


MRF844 


MRF846 
JO3501 
JO03502 


J04036 


MRF216 
J04045 
MRF4070 


MRF247 


MRF890 


LT1001A 
LT1739 
LT1814 


LT1817 
LT1839 
LT2001 
LT3005 
LT3014 
LT3046 


MRF904 
MRF580 
MRFS81 


2N6603 


MRF901 
MRF905 
MRF904 
LT4217 
LT4239 
BFR96 
MRF961 


Motorola 
Similar 


Replacement 


MRF327 


MRF641 


MRF644 
MRF646 


MRF646 


MRF646 


MRF648 


MRF844 


MRF846 


MRF216 
MRF216 
MRF216 


MRF248 


MWA310 


MRF904 


MRF901 


MRF962 


Industry 
_’ Part Number 


LT4700 
LT4703 
LT4704 
(T4746 
LT4772 
LT4785 
LT5217 
LT5239 


} LT5817 


LT5839 


~ M57704H 


M57704H 


M57704L 
M57704L/M 
M57704M 
M57704UH/SH 
M57714H 


| M57714U/M 


9-13 


M57714UH/SH 
M97729/L 


M57729H 
M57734 
M7739 


‘M57739A 


M5744 
M57752 
M57764 
M57765 © 
M57768 
M57769 


M7773 
M57782 
M57783H 
M57783L 
M57785H 
M57785L 
M57785M 
M57786M 
M57789 


‘57791 


M57792 
M57794 
M57795 
M57799M 
M67706 
M67709 
M67709M 
M67717 
M67720 
M67729H 


M67729L 
M67729UH 
MBD101 
MBD201 
MBD301 
MBD501 
MBD701 
MC5121 
MC5157 
MC5381 


MOTOROLA RF DEVICE DATA 


Motorola 
Direct 
Replacement 


LT4700 
BFR91 
MRF571 
LT4746 
LT4772 
MRF9573 
LT5217 


- LT5239 


LT5817 
LT5839 


MHW806A2 


MHW806A2 


MHW807-1 


MHW807-2 


MHW806A3 


MHW807:2 


MBD101 
MBD201 
MBD301 
MBD501 
MBD701 
MWA5121 
MWA5157 
MHW3181 


Motorola 
Similar: 
Replacement 


MHW710-2 
MHW710-2 


_ | MHW710-1 


MHW710-1 
MHW710-1 
MHW710-3 
MHW709-2 
MHW709-1 
MHW709-3 
MHW720A1 


| MHW720A2 


MHW720A2 


MHW812A3 
MHW710-1 
MHW820-2 
MHW804-1 
MHW812A3 
MHW806A4 


MHW803-1 


|. MHW607-2 


MHW607-1 
MHW607-2 
MHW607-1 
MHW607-2 
MHW707-2 
MHW812A3 


MHW820-1 


MHW803-2 
MHW707-2 
MHW804-1 


| MHW710-2 


MHW710-1 


~ MHW820-3 


MHW720A2 
MHW720A1 


| MX20-3 


MC5382 
MC5383 
MC5384 
MC5385 
MC5386 
MC5387 
MC5388 
MC5389 
MC5813 
MC5814 


MC5815 
MC5816 
MC5817 
MC5818 
MC5819 
MC5820 
MC5821 
MC5822 
MC5824 
MD4957 


Industry 
Part Number 


Motorola 
Direct 
Replacement 


MHW3182 
MHW3342 
MHW5181 
MHW5182 
MHW5342 
MHW6181 
MHW6182 
MHW5342A 
MHW1134 


MHW5222 


MHW6222 
MHW1184 
MHW6181 
MHW6182 


- MHW5342A 


MHW1224 
MHW1244 
MD4957 


-MHW5222 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Similar 
Replacement 


MHW6222 


MHW10000 MHW10000 


MHW1182 


MHW1184 
MHW1221 
MHW1222 
MHW1224 
MHW1244 
MHW1341 
MHW1342 
MHW1343 
MHW1344 


MHW2172 
MHW3171 
MHW3172 
MHW3181 
MHW3182 
MHW3222 


MHW3342 


MHW5122 


MHW209-2 


MHW3272A 


MHW3382A 
MHW4524F 


MHW10001 MHW10001 
MHW10002 MHW10002 
MHW10003 MHW10003 
MHW1121 MHW1121 
MHW1122 MHW1 122 
MHW1134 MHW1134 
MHW1171R MHW1171R 
MHW1172R MHW1172R 


MHW1182 


MHW1184 
MHW1221 
MHW1222 


_ MHW1224 


MHW1244 
MHW1341 
MHW1342 
MHW1343 
MHW1344 
MHW209-2 


MHW3172 
MHW3171 
MHW3172 
MHW3181 
MHW3182 
MHW3222 
MHW3272A 
MHW3342 

MHW3382A 
MHW4524F 


MHW5122 


MHW5122A MHW5122A 
MHW5141A MHW5141A 
MHW5142 MHW5142 

MHW5142A MHW5142A 
MHW5161A MHW5161A 
MHW5162A MHW5162A 
MHW5171 MHW5171 

MHW5171A MHW5171A 


MHW5172 MHW5172 


9-14 


Industry 
Part Number 


MHW5172A 


MHW5187 


MHW5181A 
MHW5182 
MHW5182A 
MHW5185 
MHW5222 
MHW5222A 
MHW5222R 
MHW5272A 


MHW5332A 
MHW5341 
MHW5342 
MHW5342A 


MHW5382 


MHW5382A 
MHW580 
MHW590 
MHW591 
MHW592 


MHW593 
MHW594 
MHW595 
MHW607-1 
MHW607-2 
MHW6141 
MHW6142 
MHW6171 
MHW6172 
MHW6181 


MHW6182 
MHW6185 
MHW6222 
MHW6272 
MHW6342F 
MHW707-1 
MHW707-2 
MHW709-1 
MHW709-2 
MHW709-3 


MHW710-1 
MHW710-2 
MHW710-3 
MHW720-1 
MHW720-2 
MHW720A1 
MHW720A2 
MHW802-1 
MHW802-2 
MHW803-1 


MHW803-2 


~ MHW803-3 - 


MHW803-4 
MHW806-1 
MHW806-2 
MHW806-3 
MHW806-4 
MHW806A1 
MHW806A2 
MHW806A3 


MOTOROLA RF DEVICE DATA 


Motorola 
. Direct 
Replacement 


MHW5172A 
MHW5184 
MHW5181A 
MHW5182 


- MHW5182A 


MHW5185 
MHW5222 
MHW5222A 
MHW5222R 
MHW5272A 


MHW5332A 
MHW5341 
MHW5342 
MHW5342A 
MHW5382 
MHW5382A 
MHW1342 
MHW590 
MHW591 
MHW592 


MHW593 
MHW1171 
MHW1172 
MHWE607-1 
MHW607-2 
MHW6141 
MHW6142 
MHW6171 
MHW6172 
MHW6181 


MHW6182 
MHW6185 
MHW6222 


MHW707-1 
MHW707-2 
MHW709-1 
MHW709-2 
MHW709-3 


MHW710-1 
MHW710-2 
MHW710-3 
MHW720-1 
MHW720-2 
MHW720A1 
MHW720A2 
MHW802-1 
MHW802-2 
MHW803-1 


MHW803-2 
MHW803-3 
MHW803-4 


MHW806A 1 
MHW806A2 
MHW806A3 


Motorola 


Similar 


Replacement 


MHW5272A 
MHW5342A 


MHW806A1 
MHW806A2 
MHW806A3 
MHW806A4 


MHW806A4 
MHW807-1 
MHW807-2 
 MHW808-1 
MHW808-2 
MHW808-3 
/‘MHW808-4 
MHW812-3 
MHW812A3 
MHW820-1 


MHW820-2 
MHW820-3 


MKB12140W 
MM1500 
MM1500A 
MM1501A 
MM1549 
MM1550 


MM1551 
MM1557 
M1558 
MM1559 
| MMH561 
MM1601 
MM1602 
MM1603 
MM1605 
MM1606 . 


MM1607 
MM1608 
MM1612 
MM1618 
MM1620 
MM1622 
MM1632 
MM1633 
MM1646 
MM1660 


MM1661 
MM1662 
MM1665. 
MM1666 
MM1667 
MM1668 
MM1669_- 
MM1680 
MM1681 
MM1713 


MM1943 
MM1945 
MM4018 
MM4020 
MM4021 
MM4022 
MM4023 
MM4049 
-MM439 
MM4500 


- Industry — 
Part Number 


MKB12040WS 
MKB12100WS 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola Motorola 
Direct Similar 
Replacement Replacement 


MHW806A4 
MHW807-1 
MHW807-2 


MHW806A1 
MHW806A2 
MHW806A3 
MHW806A4 
| -MHW812A3 


MHW812A3 
| MHW820-1 


MHW820-2 
MHW820-3 


MRF1035MC 
| MRF1090MC 


MRF1090MC 


| MRF905 
MRF905 
~ | MRF905 
MRF5174 
MRF321 


MRF323 
2N5641 ee 

2N5642 
2N5643 
2N6166 
2N5589 
2N5590 
2N5591 


‘| MRF914 
MRF914 


MRF914 
-2N6080 


2N6255 


MRF579 
2N5849 
2N5849 
2N5941 
2N5942 
2N5849 


2N5944 


- MRF652 
MRFG53 


2N6136 
2N6082 
2N6083 
- 2N6084 
2N6084 
2N6080 
2N6081 


| MRF515 


MRF515 
MRF515 


MM4018 
2N6094 
2N6095 
2N6096 
2N6097 
MM4049 


2N4959 
2N5583 . 


MOTOROLA RF DEVICE DATA 


9-15 


Industry 


PartNumber 


MM5177 
MMB000 
MMB001 
MMB002 
MM003_ 
MM8004 
MM8006 
MM8007 
MMB008 


_{ MM8009 
_ MM8010 


MM8011 
MM8012 
MM8020 
MM8021 
MM8023 
MMBD101 
MMBD201 
MMBD301 
MMBD501_ 


MMBD701 


~ MMBR2060 


MMBR2857 
MMBR4957 
MMBR5031 
MMBR5179 
MMBR536 

MMBR§71 

MMBR901 


-MMBR911 


MMBR920 
MMBR930 
MMBR931 
MMBR941 
MMBR941L 
MMBR951 ° 
MMBR951L 
MMBV105G 
MMBV109 
MMBV2101 


MMBV2102 
MMBV2103 
MMBV2104 
MMBV2105 
MMBV2106 
MMBV2107 
MMBV2108 
MMBV2109 


-MMBV3102 


MMBV3401 


MMBV3700 
MMBV432 - 
MMC4049 
MO1011B150Y 
MO1011B250Y 
MPN3404 
MPN3700 
MPS1983 
MPS3866 
MPS536 


Motorola ~ 


Direct 


Replacement. 


MM8000 
MM8001 


| 2N5943 
~ MRF511 


2N5031 
2N5032 


MMs8009 


MRF511 
2N5836 
2N5837 


MMBD101 
MMBD201 - 
MMBD301 
MMBD501 


MMBD701 
MMBR2060 


MMBR2857 


MMBR4957 
MMBR5031 
MMBR5179 
MMBR536 
MMBR571 
MMBR901 
MMBR911 


MMBR920 
MMBR930 
MMBR931 
MMBR941 
MMBR941L 
MMBR951 
MMBRQ51L 
MMBV105G 
MMBV109 
MMBV2101 


MMBV2102 
MMBV2103 
MMBV2104 


~MMBV2105 


MMBV2106 
MMBV2107 — 
MMBV2108 


‘MMBV2109 


MMBV3102 
MMBV3401 


MMBV3700 
MMBV432 


MMC4049 


MPN3404 
MPN3700 
MPS1983 
MPS3866 
MPS536 


Motorola 
Similar 
Replacement 


MRF325 


| -MRF475 


MRF905 


MRF905 
MRF905 


2N5943 


MRF1150MC 
MRF1250M 


MPS571 


| MRA1000-14L 


MRA1000-3.5L 


MRA1214-55H 


MRA1417-11 


| MRA1720-5 


MRA1720-9 


MRAL2023-1.5H 


MRAL2327-1.3 


Part Number | 


-. Replacement 


MPS571 


MRA1000-14L 
MRA1000-3.5L 


MRA1214-55H 
MRA1417-11 


MRA1720-5 
MRA1720-9 


MRAL2327-1.3 


MRAL2023-1.5H 


ALPHANUMERIC CROSS REFERENCE (continued) 


MRAL2327-3 


MRF10120 - 
MRF1015MA 


MRF1150M 
MRF1150MA 


MRF138 
MRF140 


MRFI56 
MRF158R 


MRF174 


MRAL2327-3 


MRF10120 
MRF1015MA 


MRA1000-7L MRA1000-7L MRF1015MB MRF1015MB 
MRA1014-12 MRA1014-12 MRF1015MC MRF1015MC 
MRA1014-12H MRA1014-12H MRF1035MA MRF1035MA 
MRA1014-2 MRA1014-2 MRF1035MB MRF1035MB 
MRA1014-2H MRA1014-2H MRF1035MC MRF1035MC 
MRA1014-35 MRA1014-35 MRF1090MA MRF1090MA 
MRA1014-6 MRA1014-6 MRF1090MB MRF1090MB 
MRA1014-6H MRA1014-6H MRF1090MC MRF1090MC 


. MRF1150M 
_ MRF1150MA 


MRA1417-11H MRA1417-11H MRF1150MB MRF1150MB 
MRA1417-2 MRA1417-2 MRF1150MC MRF1150MC 
MRA1417-25A MRA1417-25A MRF1250M | MRF1250M 
MRA1417-2H MRA1417-2H MRF1325M MRF1325M 
MRA1417-6 MRA1417-6 MRF 134 MRF 134 
MRA1417-6H MRA1417-6H MRF 136 MRF136 
MRA1720-2 MRA1720-2 MRF136Y MRF136Y 
MRA1720-20 MRA1720-20 MRF137 MRF 137 


- MRF138 


MRF140 


MRAL1417-11 MRAL1417-11 MRF141 MRF 141 
MRAL1417-2 MRAL1417-2 MRF141G MRF141G 
MRAL1417-25 MRAL 1417-25 MRF 148 MRF 148 
MRAL1417-6 : MRAL1417-6 MRF150 MRF150 
MRAL1720-2 MRAL1720-2 MRF 151 MRF 151 
MRAL1720-20 MRAL1720-20 MRF151G MRF151G 
MRAL1720-5 MRAL1720-5 MRF 153 MRF153 
MRAL1720-9 MRAL1720-9 MRF 154 MRF154 
MRAL2023-1.5 MRAL2023-1.5 MRF 155 MRF 155 


MRF156 


MRAL2023-12 MRAL2023-12 MRF158R 
MRAL2023-12H MRAL2023-12H MRF160R MRF160R 
MRAL2023-18 | MRAL2023-18 MRF 161 MRF 161 
MRAL2023-18H .. | MRAL2023-18H MRF 162 MRF162 
MRAL2023-3 | MRAL2023-3 MRF163 MRF163 
MRAL2023-3H MRAL2023-3H MRF166C MRF166C 
MRAL2023-6 MRAL2023-6 MRF 171 MRFi71 — 
MRAL2023-6H MRAL2023-6H MRF 172 MRF172 


MRF 174 


) Motorola Motorola | Motorola — Motorola 
Industry) Direct Similar . _ Industry Direct Similar 
Replacement . | Part Number - Replacement. Replacement 


MPS901 MPS901 MRAL2327-6 MRAL2327-6 

MPS911 MPS911 ae MRB12175YR | MRF1150MC 
MR1011B150Y MRF1150MC MRB12350YR MRF1325M 
MR1011B300Y MRF0211 MRF0211 

MRA0204-30V | MRA0204-30V MRF10005 ~ MRF 10005 

MRA0204-60 MRA0204-60 | MRF{O00MA -MRF1000MA 

MRA0204-60V MRA0204-60V MRF1000MB MRF1000MB 

MRA0204-60VH MRA0204-60VH MRF1000MC MRF1000MC 

MRA0204-70 MRA0204-70 MRF1002MA MRF1002MA 

MRA0500-19L {| MRA0500-19L MRF1002MB MRF 1002MB 

MRA0510-50H | MRA0510-50H MRF1002MC MRF1002MC 

MRA0610-18A MRA0610-18A MRF10030 MRF10030 

MRA0610-18H _ MRA0610-18H MRF1004MA -MRF1004MA 

MRA0610-3 MRA0610-3 MRF1004MB MRF1004MB 

MRA0610-3H | -MRA0610-3H MRF1004MC MRF1004MC 

MRA0610-40A MRA0610-40A MRF1008MA MRF1008MA 

MRA0610-9 MRA0610-9 MRF1008MB MRF1008MB 

MRA0610-9H MRA0610-9H MRF 1008MC MRF1008MC 
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ALPHANUMERIC CROSS REFERENCE (continued) 


‘Industry 
Part Number 


MRF175GU 
MRF175GV 
MRF175LU 
MRF175LV 
MRF176GU 
MRF176GV 
MRF1946 

MRF1946A 
MRF2001 

MRF2001B. 


MRF2001M 
MRF2003 
MRF2003B 
MRF2003M 
MRF2005 
MRF2005B 
MRF2005M 
MRF201 


| MRF2010 


MRF2010B 


MRF2010M 
MRF2016M 
MRF203_ - 
MRF207 
MRF208 
MRF212 
MRF216 
MRF220 
MRF221 
MRF222 


MRF223 
MRF224 
MRF225 
MRF226 
MRF227 - 
MRF229 
MRF230 
MRF231 
MRF232 
MRF233 


MRF234 
MRF2369 
MRF237 
MRF238 
MRF239 
MRF240 
MRF240A 
MRF243 
MRF245 
MRF247 


MRF248 
MRF260 
MRF261 


‘| MRF262 


MRF2628 
MRF264 
MRF305- 
MRF306 
MRF309 
MRF313 


Motorola 
‘Direct 
~ Replacement 


MRF175GU 
MRF175GV 
MRF175LU 
MRF175LV 
MRF176GU 
MRF175GV 
MRF1946 

MRF1946A 
MRF2001 

MRF2001B 


MRF2001M 
MRF2003 
MRF2003B 
MRF2003M 
MRF2005 
MRF2005B 
MRF2005M 
2N6255 
MRF2010 
MRF2010B 


MRF2010M 
MRF2016M 


MRF207 
MRF208 
MRF212 
MRF216 
MRF220 


| MRF221 


MRF224 
MRF607 
MRF226 
MRF227 
MRF229 
MRF607 


MRF232 
MRF233 


MRF234 
MRF2369 
MRF237 
MRF238 
MRF239 
MRF240 
MRF240A 


MRF245 
MRF247 


MRF247 
MRF260 
MRF261 
MRF262 
MRF2628 
MRF264 
MRF325 
2N6439 
MRF309 
MRF313 


Motorola 
Similar 
Replacement | 


MRF247 


-MRF1946 


MRF 1946 


MRF247 


MOTOROLA RF DEVICE DATA 


Industry 
Part Number 


MRF313A 
MRF314 
MRF314A 
MRF315 
MRF315A 
MRF316 
MRF317 
MRF321 
MRF323 
MRF325 


MRF326 
MRF327 
MRF329 
MRF331 
MRF338 
MRF340 
MRF342 
MRF344 


| MRF3866 


MRF390 


MRF392 
MRF393 
MRF401 
MRF402 
MRF406 
MRF4070 
MRF410 
MRF410A 
MRF412 
MRF412A 


MRF415 
MRF416 
MRF417 
MRF418 
MRF419 
MRF420 
MRF421 
MRF421MP 
MRF422 
MRF422A 


MRF422MP 
MRF426 


| MRF426A 


RF427 
MRF427A 
MRF428 
MRF428A 
MRF429 
MRF429MP 
MRF430 


MRF432 
MRF433 


_ MRF435 


9-17 


MRF4427 
MRF448 
MRF449 
MRF449A 
MRF450 
MRF450A 
MRF451 


Motorola 
Direct 
Replacement 


MRF314 
MRF314A 
MRF315 
MRF315A 
MRF316 
MRF317 
MRF321 
MRF323 
MRF325 


MRF326 
MRF327 
MRF329 


MRF338 
MRF340 
MRF342 
MRF344 
MRF3866 
MRF390 


MRF392 
MRF393 
MRF401 


MRF406 
MRF4070 
MRF410 
MRF410A 
MRF492 


MRF460 
MRF460 
MRF410 
MRF454 
MRF421 
MRF421MP 
MRF422 


MRF422MP 
MRF426 


MRF427 
MRF428 


MRF429 
MRF429MP 
MRF430 


MRF432 
MRF433 
MRF422 
MRF4427 
MRF448 


MRF449A 
MRF450 
MRF450A 


Motorola 
Similar 
Replacement 


MRF313 


_MRF821 


2N4427 


MRF492 


2N6080 
MRF433 


-MRF422 


MRF426 
MRF427 


MRF428 


MRF449A 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola Motorola “i Motorola Motorola 
Industry Direct Similar industry Direct Similar 
Part Number - Replacement Replacement ; Part Number Replacement Replacement 


MRF452 MAF455 MRF559 MRF559 
MRF453 MRF455 MRF571 MRF571 
MRF453A MRF455A MRF5711 MRF5711 
MRF454 MRF454 é MRF§711L MRF5711L 
MRF454A -MRF454 MRF572 MRF572 
MRF455 MRF455 MRF573 MRF573 
MRF455A MRF455A | : MRF580 MRF580 
MRF458 MRF458 MRF580A MRF580A 
MRF458A MRF458 | MRF581 MRF581 
MRF460 MRF460 MRF5812 MRF5812 


| MRF464 MRF464 MRF581A MRF581A 
MRF464A MRF464A ne ® MRF586 MRF586 
MRF466 MRF466 MRF587 MRF587 
MRF475 MRF475 MRF5943 MRF5943 
MRF476 MRF476 MRF601 2N6256 
MRF477 MRF477 MRF602 2N6136 
MRF479 MRF479 MRF603 MRF212 
MRF485 MRF485 MRF604 MRF604 
MRF486 MRF486 MRF605 2N6439 
MRF492 MRF492 . MRF606 MRF607 


MRF492A MRF492A | MRF607 MRF607 
MRF497 MRF497 2-686. MRF616 MRF616 
MRF501 MRF501 MRF618 MRF641 
MRF502_ MRF502 MRF619 MRF644 
MRF504 MRF511 . MRF620 MRF644 
MRF511 MRF511 MRF621 MRF646 
MRF515_ MRF515 MRF626 MRF626 
MRF5160 | MRF5160 MRF627 MRF627 
MRF517 MRF517 MRF628 MRF559 
MRF5174 MRF5174 MRF629 MRF629 


MRF5175 -MRF5175 MRF630 MRF630 
MRF5176 MRF323 MRF641 MRF641 
MRF5177 MRF325 MRF644 MRF644 
MRF5177A MRF325 MRF646 MRF646 
MRF5178 2N6439 MRF648 MRF648 
| MRF519 MRF517 MRF650 MRF650 
MRF521 MRF521 MRF652 MRF652 
MRF5211 MRF5211 MRF653_ MRF653 
MRF5211L MRF5211L ; MRF654 MRF654 
MRF522 MRF522 . MRF660 MRF660 


MRF523 MRF523 MRF750 MRF750 
MRF524 MRF524 . MRF752 MRF752 
MRF525 . MRF525 MRF754 MRF754 
MRF526 MRF586 MRF8003 MRF476 
MRF531 MRF531 MRF8004 MRF475 
MRF532 MRF532 MRF816 MRF837 
MRF534 MRF534 MRF837 MRF837 
MRF536_ —- MRF536 MRF8372 MRF8372 
MRF542 MRF542 MRF838 MRF838 
| MRF543 MRF543 MRF838A MRF838A 


MRF544 MRF544 MRF839 MRF839 
MRF545 MRF545 : MRF839F . MRF839F 
| MRF546 MRF546 MRF840 . MRF840 
MRF547 MRF547 MRF841 MRF841 . 
MRF548 MRF548 MRF841 MRF841F 
| MRF549 MRF549 MRF841F MRF841F 
MRF553 MRF553 | MRF842 MRF842 
MRF555 MRF555 MRF843 MRF843 
MRF557 MRF557 MRF843F MRF843F 
MRF5583 MRF5583 MRF844 MRF844 
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ALPHANUMERIC CROSS REFERENCE (continued) 
Motorola 
Similar 

Replacement 


MRF846 
MRF847 
MRF848 
MRF870 
MRF870A 
MRF873 
MRF890 
MRF891 
MRF892 
MRF894 


MRF898 
MRF901 
MRF9011 


MRF902 
MRF903 
MRF904 
MRF905 
MRF911 
MRF912 


MRF914 
MRF931 
MRF9331 


MRF941 
MRF9411 


MRF942 
MRF943 
MRF951 


MRF9511 


| MRF952 
MRF953 
MRF961 
MRF962 
MRF965 
MRF966 
| MRF967 


MRFC544 
MRFC545 
MRFC559 
MRFCS72 
| MRFC581 


MRFC901 


MRFC966 
MRFG9661 


MRFG980 
MRFG9801 


MRFQ17 
MRFQ19 


Industry 
‘Part Number 


MRF9011L 


MRF9331L 


MRF9411L 


MRF95tiL 


MRFC2369 


MRFC851A 


MRFC904 


MRFG9661R 


MRFG9801R 


MRF846 
MRF847 
MRF848 


‘MRF839 
MRF873 
MRF890 
MRF891 
MRF892 
MRF@94 


~ MRF898 
MRF901 
MRF9011 


2N6603 
MRF903 
MRF904 
MRF905 
MRF911 
2N6604 


~MRF914 
MRF931 
MRF9331 


MRF941 
-MRF9411 


MRF942 
- MRF943 
MRF951 


MRF9511 


MRF952 
MRF953 
MAF961 

MRF962 
MRF965 
MRF966 
MRF967 


MRFC544 
MRFC545 
MRFC559 
MRFC572 
MRFC581 


MRFC901 
MRFC904 
MRFC966 


MRFG980 


MRFQ17 
MRFQi9 


Motorola 
Direct 
Replacement 


MRF9011L 


MRF9331L 


MRF9411L 


MRF9511L 


MRFC2369 


MRFC851A 


MRFG9661 
MRFG9661R 


MRFG9801 
MRFG9801R 


industry 
Part Number 


MSC1002M 
MSC1004M 
MSC1O15M 
MSC1035M 


| MSC1075M 


MSC1090M. 
MSC1150M 
MSC1175M 
MSC1250M 
MSC1325M 


MSC2001 
MSC2003 


| MSC2005 


MSC2010 
MSC2302 


-MSC2304 


MSC2307 

MSC82001 
MSC82003 
MSC82005 


MSC82005M 
MSC82010 
MSC82012M 
MSC82020M 
MSC82201 
MSC82203 
MSC82304M 
MSC82310M 
MSC82313M 
MV104 


MV105G 
MV1401 
MV1401H 
MV1403 
MV1403H 
MV1404 
MV1404H 
MV'1405 
MV1405H 
Mv209 


MV2101 
MV2102 
MV2103 
MV2104 
MV2105 
MV2106 
MV2107 
MV2108 
MV2109 
MV2110 


MV2111 
MV2112 


| MV2113 


MV2114 
MV2115 
MVAM108 


Motorola 
Direct 


~. Replacement 


MRF1002MA/B 
MRF1004MA/B 
MRF1015MA/B 
MRF1035MA/B 
MRF1090MA/B 
MRF1090MA/B 
MRF1150MA/B 
MRF1150MA/B 
MRF1250M 

MRF1325M 


MRF2001 
MRF2003 
MRF2005 
MRF2010 


MRF2001 
MRF2003 
MRF2005 


MRF2005M 
MRF2010 
MRF2010M 
MRF2016M 
MRF2001 
MRF2003 
MRF2005M 
MRF2010M 
MRF2016M 
MV104 


MV105G 
MV1401 
MV1401H 
MV1403 
MV1403H 
MV1404 
MV1404H 
MV1405 
MV1405H 
MV209 


MV2101 
MV2102 


-MV2103 


MV2104 
MV2105 
MV2106 
MV2107 
MV2108 
MV2109 
MV2110 


MV2111 
MV2112 
MV2113 
MV2114 
MV2115 
MVAM108 


Motorola 
Similar 
Replacement 


MRF2003 
MRF2005 
MRF2010 


MRT0105-75 
MRT0105-75V 

MRT0204-110V 
MSC1000M - 


MRT0105-75 

MRT0105-75V 
MRT0204-110V 
MRF1000MA/B 


MVAM109 MVAM109 
MVAM115 ~MVAM115 
MVAM125 ~ MVAM125 
MWA0204 MWA0204 
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MWaA0211 
MWA0211L 
MWA0270 
MWA0304 
MWA0311 
MWA0311L 
MWA0370 
MWA0404 
MWA0411 
MWA0470 


MWA110 
MWA110H 
MWA120 
MWA120H 
MWA130 
MWA130H 
MWA210 
MWA210H 
MWA220 
MWA220H 


MWA230 
MWA230H 
MWA3t0 

MWA310H 
| MWA320 

MWA320H 
MWA330 

MWA330H 
MWAS121 
MWA5157 


MX12: 
Mx15 
MX20-1 
MX20-2 
MX20-3 
MX7.5 
MXR100 
MXR3866 
MXR5160 
MXR5583 


MXR6571 
MXR5943 
MXR911 
NE020214-12 
NE020320-12 
NE020320-28 
NE020620-07 
NE021020-12 


| NE02107 


NE02108 
NE02132 
NE02133 
NE02135 
NE02137 
NE022025-12 


Industry 
Part Number 


NE021020-28 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola =| Motorola 
Direct Similar 
Replacement Replacement 


MWA0211 
MWA0211L 
MWA0270 

MWA0304 

MWA0311 

MWA0311L 
MWA0370 
MWA0404 
MWA0411 
MWA0470 


MWA110 
MWA110H 
MWA120 
MWA120H 
MWA130 
MWA130H 
MWA210 
MWA210H 
MWA220 
MWA220H 


MWA230 
MWA230H 
MWA310 

MWA310H 
MWA320 

MWA320H 
MWA330 

MWA330H 
MWA5121 
MWAS157 


MHW710-1 


MHW710-1 


MX20-1 
MX20-2 
MX20-3 
MHW709-1 


MRF5812 
MRF3866 
MRF5160 
MRF5583 


MRF5711 
MRF5943 
MMBR911 


TP2307 


2N5944 
| MRF321 
2N5946 
2N5946 
MRF321 


MRF572 


MRF573 


MPS571 
MMBR571 
MRF573 
MRF2369 


2N6081 


Industry 
Part Number . 


NE028029-28 
NE050214-12 
NE050320-12 
NE050490-07 
NE050491-07 
NE050690-07 
NE050691-07 
NE051020-28 
NE051025-12 
NE051525-12 


NE052025-28 
NE080420-12 
NE21935 
NE21937 
NE22120 
NE24615 
NE24620 
NE32702 
NE32707 
NE41603 


NE41607 


NE41610 


| NE41612 


NE41615 
NE41620 
NE41635 
NE57510 
NE57520 
NE57803 
NES7807 


NE57808 
NE57835 
NE59312 
NE59335 
NE59503 
NE64310 
NE64320 
NE68132 
NE68133 
NE68135 


NE68137 
NE73412 
NE73432 
NE73433 
NE73435 
NE73437 
NE74014 
NE74020 
NE74113 
NE74114 


NE77320 
NE85632 
NE85633 
NE85637 
NE88912 
NE88933 


Motorola 
Direct 
Replacement — 


MRF629 
oN5944 


MRF821 


2N6604 


MRF965 


MRF572 


MRF573 
MM4049 


MRF914 
MRF911 
MMBR911 


MRF911 


MRF586 


MM4049 
MMBR536 


Motorola 
Similar 
Replacement 


-MRF316 


MRF752 


_MRF752 


MRF754 
MRF754 


2N5946 
MRF654 


MRF323 
MRF839 
MRF573 
MRF571 


_ MRF587 


MRF586 
MRF587 
2N6604 


MRF962 
MRF962 


MRF965 
MRF965 
MRF587 
MRF962 
MRF586 
MRF587 
MRF572 


MRF573 


MRF536 
MRF581 
MRF586 
MRF587 
MPS571 


‘MMBRS571 


MRF573 
MRF571 


2N6604 


MRF586 
MRF587 


MRF586 


MRF587 
MPS571 
MMBR571 
MRF571 


NELO80120-24 MRF890 


NE022025-28 ~ MRFS314A 
NE022526-12 2N6082 NEM020029-28 MRF317 — 
NE024027-28 NEM050029-28 MRF327 


~ MRF815A 


NE028029-12 MRF247 NEM054029-12 MRF646 


MOTOROLA RF DEVICE DATA 


9-20 


. Industry 


NEM054029-28 
NEM056029-12 
NEM056029-28 
NEM080481E-12 
NEM081081B-12 
NEM081081E-12 
NEM082081B-12 
NEM084081B-12 
NEM085081B-12 
NEM090301-07 


NEM090701-7 
NEM092081B-28 
NEM094081B-28 
NEM2010B-20 
NEM2305B-20 
PAA0810-24-5L 
~PAA0810-31-25L 
PAA0810-32-10L 
PAA0810-38-5LAS 
PAA0810-40-50L 


PAA0810-40-50LAM 
PAAQ810-54-50LAS 
PAA0810-54-50LSM 
PAMO810-24-3L 
PAMO810-24-5LA 
PAM0810-6-50L 
PAM0810-7-25L 
PAMO810-8-10L 
PAM225-42-10L 
PEEQO15U 


PEE0020U 
PEE0035U 
PH0105-100 
PHO401H 
PHO403H 
PHO406H 
PH0412H 
PH0425H | 
PH0450D 
PHO450H - 


PHOSO1H 
PHO503H 
PHOS06H 
PHO512H 
PHO525H 
PHOS50H 
PH1100C 
PH1100H 
PH1110C 
PH1150C 


PH1175 
PH2001C 
PH2003C 
PH2005C 
PH2010C 
PH2020C 
PH2301H 
PH2303H 
PH2306H 
PH8193 


Part Number — 


| MRF842 


ALPHANUMERIC CROSS REFERENCE (continued) _ __ 


Motorola | | Motorola 
Direct Similar 
Replacement 


- Replacement |. 


MRF325 
MRF648 
MRF309 
MRF839F 
MRF840 
MRF873 


MRF844 
| MRF@46 


TP302S 


TP304S 
MRF892 . 
MRF894 


MRF2016M 
| MRF2010M 


PAA0B10-24-51 
PAA0810-31-25L 
PAA0810-32-10L 
PAA0810-38-5LAS 
PAA0810-40-50L 


PAA0810-40-50LAM 
PAA0810-54-50LAS 
PAA0810-54-50LSM 
PAMO810-24-3L 
PAM0810-24-5LA 
PAM0810-6-50L 
PAM0810-7-25L 
PAM0810-8-10L 
PAM225-42-10L 


MRF323 


MRF323 
‘MRF325 


MRF393 
MRF5174 
MRF5175 


MRF5175 


MRF321 


MRF325 


2N6439 
2N6439 


MRF5174 


MRF5175 
MRF321 
MRF321 


MRF325 


2N6439 

MRF1150MC 
MRF1150MC 
MRF1015MC 
MRF1090MC 


MRF1150MC 
MRF2001M 7 
MRF2003M 
MRF2005M 
MRF2010M 


MRF2016M 
MRF2001 
MRF2005 
MRF2010 
MRF905 
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__. Industry | 
Part Number . 


PHA3317-1 


PHAS317-2_ 
| PHA3318-1 


PHA3318-2 
PHA3334-2 
PHA4517-1 
PHA4517-2 
PHA4518-1 
PHA4518-2 
PHA4534 


PHA5018-1 
PHA5018-2 
PHA5034 


PKB20010U - 


PKB23001U 
PKB23003U 
PKB23005U 
PME04030U 
PT3501 
PT3502 


PT3503 
PT3535 
PT3536- 
PT3537 
PT3570 
PT3571 
PT3571A 
PT3690 
PT4537 
PT4544 


PT4555 
PT4556 
PT4570 
PT4572A 
PT4574 
PT4578 
PT4579 
PT5695 
PT5701 


| PT5740 


PT5741 
PT5788 
PT6665A 
PT8549 
PT8551 
PT8554A 
PT8717 
PT8740 
PT8769 
PT8809 


PT8809A 
PT8809S 
PT8810 
PT8811 
PT8811A 
PT8825 
PT8828A 
PT8837 
PT8838 
PT8850 


Motorola 
Direct 
_ Replacement 


MHW3171 
MHW3172 
MHW3181 
MHW3182 
MHW3342 
MHW5171 
MHW5172 
MHW5181 


MHW5182 


MHW5342A 


MHW6181 
MHW6182 


|. MHW5342A 


MRF325 


2N4427 


2N5589 
2N4427 


MRF511 
2N5943 
2N5943 


MRF511 


| PT4572A 
MRF511 


MRF517 


PT4579 


MRF449A 


MRF492A 


2N5944 
PT8809A 


. MRF616 © 


PT8810 
2N5946 
PT8811A 
MRF226 
ON6081 


Motorola 
Similar 


|. Replacement 


| MRF2010 
-MRF2001 
_| MRF2003 
-MRF2005 


MRF5174 


MRF553 


2N5944 


ON5641 


-9N5944 


MRF226 


-MRF234 


MRF450 


MRF233 
2N4427 


_ 2N5590 


MRF464A 
MRF464 
2N5589 
2N3553 


2N6080 


MRF607 
MRF233 


2N6136 


oNGO84 
MRF479 


ALPHANUMERIC CROSS REFERENCE (continued) 
Motorola 

Similar 
Replacement © 


Industry 


Part Number 


PT8850A 
PT8851 
PT8851A 
PT8852 
PT8852A 
- PT8853 
PT8853A 
PT8854 
PT8854A 
PT8860 


PT8861 
PT8861A 
PT8862 
PT8862A 
PT8863 
PT8863A 
PT8864 
PT@B64A 
PT8865 
PT8865A 


PT8866 
PT8870 
PT8870A . 
PT8871 
PT8871A 
PT8873 
PT8873A 
PT8874 
PT8874A 
PT8877 


PT8880 
PT8881 
PT8881A 
PT8889 
PT9073B 
PT9700 
PT9701 
PT9701B 
PT9702 
PT9702B 


PT9703_ 
PT9703B 
PT9704 
PT9704A 
PT9704B 
PT9730 
PT9731 
PT9732 
PT9733 
PT9734 


PT9776 
| PT9776A 
PT9780 
PT9780A 
PT9782 
PT9782A 
PT9783 
PT9783A 
PT97e4 
PT9784A 


Motorola 


Direct 


Replacement 


2N5847 
MRF221 
MRF233 


| PT8852 


PT8B52A 
PTe853 
PT8853A 


2N4427 


MRF220 
2N5589 
PT8862 
PT8862A 


- P7863 
| PT8863A 


PT8864 
PT8864A 


MRF237 
MRF220 
2N6081 

MRF616 
2N5944 


| PT8873 


PT8873A 
PT8874 


PT8874A 


MRF237 


MRF517 
MRF616 


MRF32{ 
PT9700 
PT9701B 


PT9702B 


| PT9703B 


PT9704B 


PT9730 
PT9731 


| PT9732 


PT9733 
PT9734 


PT9780 


PT9783_ 
PT9783A 


_ PT9784 
PT9784A 


| MRF4g2 


MRF492A 


MRF492 
MRF492A 


ON5944 
MRF586 


| MRF5175 


MRF323 


MRF321 


MRF825 
MRF325 


MRF492 
MRF492A 


MRF464A 
MRF317 
MRF317 


9-22 


Industry 


Part Number 


PT9785. 
PT9787 
PT9787A 
PT9788 
PT978BA 
PT9790 
PT9795 
PT9795A 
PT9796 
PT9796A 


PT9797 
PT9797A 
PT9798 
PT9847 
PTE801 
R47M10 
R47M13 
R47M15 
RF1003 
RF 1004 


RF1029 
RF1030 
RF1031 
RF 1032 
RF105 
RF110 
RF14 
RF15 
RF16 
RF2081 


RF2092 
RF2123 
RF2125 
RF2127 
RF2135 
RF2142 
RF2143 
RF2144 
RF2146 
RF2147 


RF221 
RF23 
RF25 
RF260 
RF264 
RF35. 
RF45 
RF46 
RF47 
RF48 


RF49 
RF85 
S-AU11 
S-AU12 
S-AU12 


-S-AU16H 


S-AU17A 
S-AU21 


| S-AU22A 


§-AU25 


Motorola 
Direct 


Replacement 


PT9785 


MRF410A 


PT9790 
MRF233 


2N6083 


-MRF450 


MRF450A 
PT9798 


PTE801 
MHW709-1 
MHW710-1 
MHW710-1 
MRF221 


RF1029 
RF1030 
RF1031 
RF1032 


| MRF421 


MRF421 
MRF455A 
MRF455 
MRF216 
MRF238 
MRF245 


2N6367 


‘MRF224 


MRF476 
MRF475 


MRF221 


MRF224 


MRF260 
MRF264 


MRF454 


MOTOROLA RF DEVICE DATA 


Motorola 
Similar 
Replacement 


-MRF410 


MRF401 


~ MRF426 
MRF 1946 


MRF1946 


MRF421 


MRF 1946 


- MRF455A 


MRF460 
MRF450 
MRF 1946 


MRF454 


MRF455 


MRF455A 
MRF455 
MRF 1946 
MRF479 
2N6082 


oN60B4. 


MHW806A3 
MHW806A1 
MHW806A1 
MHW707-2 
MHW807-2 
MHW807-1 
MHW807-2 
MHW807-2 


S-AU27L 
‘| S:AU27M 
S-AUS 
$-AU30 
S-AUSI 
S-AU33 
S-AUA 
S-AUSH 
S-AUBL 
S-AUSM 


_ S-AU6H 
S-AU6L 
S-AU6M 
S-AU7 
S-AU9 
S-AVI6H 
S-AVI6L 
S-AVI6VH 
$10-12 | 
$10-28 


$100-12 
$100-28 
5100-50 
$15-12 
$15-28 
$15-50 
$175-28 
9175-50 


$25-12 


$25-50 
$250-50 
530-28 
$50-12 
$50-28 
$80-12 
$D1005 
SD1006 
$D1007-1 
$D1012 


$D1013 
$D1013-3 
$D1014-1 
$D1014-6 
$D1015 
$D1018-15 
$D1018-4 
$D1018-6 
$D1019 


$D102-6 
$D102-7 
$D1020 
§D1021 
$D1022 
$D1074 
$D1076 
$D1077 
$D1078 
$D1080 


ALPHANUMERIC CROSS REFERENCE (continued) 


Industry . | 
Part Number 


$200-50 — 


_ 2N5943 


SD1012-3 


Motorola Motorola . 
- Direct Similar Industry 
Replacement | Replacement Part Number 


$D1080-2 - 
$D1080-4 
$D1080-6 
SD1080-7 
$D1087 
SD1088 
$D1089 
SD1095 
$D1096 
$D1098 


MHW720A1 
MHW720A2 
MHW720-1 


MHW806A1 
MHW806A3 
MHW807-1 


MHW720-1 
MHW709-3 
MHW709-1 
MHW709-2 


SD1099 
SD1115-4 
SD1124 

— §D1127 
SD1127 
SD1131 
SD1132-4 
SD1132-5 
SD1133 
SD1133-1 


MHW710-3 
MHW710-1 
MHW710-2 
MHW820-1 

MHW812A3 
MHW607-2 
MHW607-1 
MHW607-2 


MRF433 
MRF410 


SD1134 
SD1134 
SD1134-1 
SD1135 
$D1135 
SD1135 
SD1136 
SD1136 
SD1136 
SD1143 


MRF421 
MRF422 
-MRF428 


MRF433 
MRF410 


MRF427 
MRF422 
MRF428 


MRF448 
MRF449A 


$D1143-1 
9D1147 
$D1148 
$D1149 
$D1167 
9D1168 
$D1169 
$D1174 
SD1177 
$D1200 


$D1212-4 


MRF427 


MRF448 
MRF426 | 


MRF450 


MRF464 
MRF454 
MRF511 


MRF511 
2N5590 


MRF220 


2N5642 7 SD1212-7 
| 2N5642 SD1214-4 
MRF221 | SD1214-6 
MRF221 SD1216 
MRF314A SD1218 
MRF224 $D1220-1 


$D1222-5 
$D1222-6 
$D1224-10 


MRF224 
MRF224 
2N6166 


$D1224-2 
$D1224-4 
$D1229 
$D1229-1 
$D1232 
$D1242-5 
$D1244-6 
$D1245 
$D1256 
$D1262 


7 MRF313 
MRF313 


2N4427 


MRF212 
MRF1946A 


MRF455 


MRF454 
MRF475 


MRF464 
MRF207 


MOTOROLA RF DEVICE DATA 


9-23 


Motorola 
Direct 
Replacement 


MRF604 
MRF627 
MRF626 
MRF641 
MRF644 
MRF646 


MRF607 
MRF245 
TP2314 
MRF237 
MRF629 
TP251 

MRF838 
MRF212 


2N5944 
PT8809A 


PT8810 
MRF652 
TP2505 
PT8811A 
2N5946 
TP2510 


TP8828. 


TP8828F 
MRF5175 


MRF321 


MRF323 
MRF234 
2N5849 
2N6255 


2N3866 


MRF475 


MRF479 
2N5591 


2N5642 


MRF315 


2N6083 


| MRF517 


MRF226 


Motorola - 
Similar 
Replacement 


MRF559 


MRF840 
MRF842 
MRF844 


MRF846 


MRF212 


MRF227 


- MRF479 


2N5589 


MRF476 
MRF475 
MRF1946A 
oN5641 
2N5642 


MRF426 


MRF466 


MRF1946 


~ 2N5641 


2N5642 
MRF321 
2N5589 


ALPHANUMERIC CROSS REFERENCE (continued) | 


: Motorola Motorola . Motorola | Motorola 
Industry Direct Similar industry Direct Similar 
Part Number Replacement | Replacement : Part Number. Replacement Replacement | 


$D1272 MRF1946A | SD1444 MRF629 
$D1273 MRF240 | SD1446 MRF492 
$D1274 | TP2330 | $D1449 MRF421 

$D1274 MRF1946A SD1450 MRF422 | 
SD1274-1 TP2330F $D1451 ~ MRF455 
S$D1274-1 MRF1946 : SD1451-1 MRF455 
$D1275 MRF240 oe SD1452 MRF458 

SD1278 | MRF240 SD1455 | 
$D1285 MRF406 | $D1456-2 TPV3100 
SD1288 MRF455A - SD1458 : 


TPV375 


TPV385 


SD1289 MRF455 ‘| $D1459 TPV376 
S$D1290 2N6084 SD1460 TP9383 
~$D1295 MRF421 3 SD1461 MRF313 
SD1299 MRF326 SD1462 | MRF313 
S$D1300 BFY90 SD1464 | MRF325 
SD1301 BFY90 | . SD1465 MRF325 
§D1303 2N6304 ! SD1466 MRF326 
$D1308 MRFS05 SD1467 MRF326 

SD1309 2N2857 | SD1468 MRF327 
$D1315 MRF511 | SD1469 MRF329 


SD1316 MRF586 5 $D1480 MRF317 
$D1317 MRF587 $D1482 MRF752 


$1330 MRF572 SD1484-10 MRF604 


$D1331 MRF571 $D1485 TPV3250B . 
$D1333 BFR96 ‘| $D1485-3 MRF894 
$D1334 MRF580 SD1486 TPV8200B 
$D1347-7 2N4427 $D1487 MRF421 

$D1375 2N4957 $D1488 / MRF646 
$D1377 MRF 1000MA/B $D1489 TPV5055B 
$D1400-2 MRF892 $D1490 TPV7025 


$D1400-3 MRF892 ‘| $p1492 TPV8200B 
$D1401 MRF894 SD1496 MRF898 
$D1403 MRF428 $D1496-3 MRF898 
SD1404 MRF427 SD1499 MRF338 

SD1405 MRF492 , SD1499-1 MRF648 

S$D1407 MRF422 SD1510 MRF1035MA/B 
$D1407-8 MRF422 7 SD1511 MRF1035MA/B 
$D1409 ; TP3010 SD1512 MRF1090MA/B 
SD1410 , MRF841F SD1513 MRF1090MA/B 
SD1410-3 MRF840 ‘| $D1514 MRF1150MA/B 


‘| $D1411 MRF842 $D1520 MRF1000MA 
$D1411-1 MRF842 : $D1522 MRF1000MA . . 
$D1412 MRF842 $D1522-2 MRF1002MA 
$D1412-3 MRF842 $D1522-4 MRF1002MA 
$D1414 MRF846 $D1524 MRF1004MA 
SD1415 MRF216 $D1526 _| MRF1008MA 
$D1416 -MRF247 $D1528 MRF1035MA 
$D1418 . TP3012 $D1530 MRF1035MA 

| $D1421 MRF844 $D1532 MRF1090MA 
| $D1422 | MRF644 . $D1534 MRF1090MA 


$D1424 MRF449A SD1536 MRF1090MA 
$D1425 MRF475 $D1538 MRF1150MA 

$D1427 _MRF247 $D1540 MRF1325M 

$D1428 MRF216 $D1544 MRF2001M 
$D1429 MRF641 $D1545 _ | MRF2003M 
$D1429-3 MRF641 : | $D1574 MRF260 

$D1433 MRF653 $D1575 MRF262 

$D1434 MRF646 $D1577 MRF264 

$D1438 MRF316 ‘| $D1732 TPV595A 
§D1438-2 _ MRF317 . $D1847 TRW62602 


MOTOROLA RF DEVICE DATA 


9-24 


~ Industry 


SD1900 
SD1901 - 
SD1902 
$D1903 
SD1904 
SD1905 
SD1907 
$D1909 
$D1912 
$D1912-2 


SD1918 
$D1920 
$D1920-2 
SHP02-36-20 

~ SHP05-20-10 
SHP05-22-04 
SHP05-35-04 
SHP06-18-04 
SHP10-15-08 
SHP10-15-08-15 


SHP 10-17-04 
SHP10-17-04-15 
TAN15 
TAN150H 
TAN250A 
TAN75 
TCC0105-100 
TCC0204-125 
-TCC0204-125 
TCC598 


TDS570 
TDS595 
TH1002 
TH1005 
TH1010 
TH20 

TH2001 
TH2003 
TH2005 
TH416 


TH417 
TH430 — 
TH476 
TH478 
TH480 
TH513 
TH518 © 
TH519 
TH525 
TH526 ~ 


THS532 
TH550 
THS52 
TH553 
TH562 
TH564 
TH569 
THS71 
TH596 
TH597 


- Part Number 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola Motorola 
Direct Similar 
Replacement Replacement 


MRF134 
MRF161 
MRF136 
MRF 162 
MRF137 
MRF 171 
MRF172 
MRF174 
MRF140 
MRF141G 


MRF148 
MRF150 

MRF151G 
SHP02-36-20 
SHP05-20-10 
SHP05-22-04 
SHP05-35-04 
SHP06-18-04 
SHP10-15-08 
SHP10-15-08-15 


SHP10-17-04 
SHP10-17-04-15 


MRF1015MC 
~ MRF1150MC 
MRF1250M 

MRF1090MC 


TPM4100 
MRF392 
TPM4130 


TPV598 


TPV595A 
TPV595A 6 

MRF2003 
MRF2005 
MRF2010 


MRF2001 - 
MRF2003 
MRF2005 
MRF422 


MRF422 


MRF448 


MRF5174 
MRF321 
MRF321 


MRF428 


MRF426 
2N6439 


MRF323 


MRF325 


MRF325 
MRF321 


MRF321 
MRF323 
MRF448 


TP9386 
MRF427 
MRF426 


TPV596 
TPV597 


TH9031 
THA13 
THAIS 

_THAQ3 

THB13 

THB94 

THM404 

THM425 

THY94- 

TP2007A 


TP2031 

TP2032 

TP2032F 

~ TP2033 
TP2034 
TP2034F 
TP2037 

_ TP212 
TP2128 

TP2180 


TP2300 
TP2304 
| TP2306 
TP2307 
—TP2314 
TP2317 
TP2325 
TP2330 


TP2335 


TP2370 
TP2502 
TP2503 

- TP2505 
‘TP2505S 

TP251 

TP2510 

TP2511 | 

TP2520 

TP254 


TP254S 
TP3009 
TP3009S 
TP301 
TP3010 
TP3010S 
TP3011 
TP3011S 
TP3012 
TP3013 


TP301S | 
TP302 
TP3020A 
TP3022A 
TP3023 . 

- TP3024A 
TP3026 
TP302S 

~ TP303 

TP303S 


MOTOROLA RF DEVICE DATA 


9-25 


“Industry 
Part Number | 


-TP2330F 


Motorola 
‘Similar 
Replacement 


Motorola 
Direct 
Replacement 


TRW62601 


MRF426 


MRF429 
MRF314A 


MRF426 


MRF315 


TPM405 
TPM425 


MRF315A 
TP2007A 


TP2031 
TP2032 
TP2032F 
| TP2033 
TP2034 
TP2034F 
TP2037 
TP212 
TP2128 
TP2180 


TP2300 
TP2304 
TP2306 
TP2307 
TP2314 
TP2317 
TP2325 
TP2330 
TP2330F 
TP2335 


TP2370 
TP2502 
TP2503 
TP2505 
TP2505S 
TP251 
TP2510 
TP2511 
TP2520 
TP254 


TP254S 
TP3009 
TP3009S 
TP301. 

TP3010 

TP3010S 
TP3011 

TP3011S 
TP3012 
TP3013 


TP301S 
TP302 

TP3020A 
TP3022A 
TP3023 

TP3024A 
TP3026 
TP302S 
TP303 

TP303S 


TP304 
TP3040 
TP304S 
TP3093 
TP3098 

—TP312 
TP3400 
TP3401 

~ TP3401S 

TP3402 


TP390 
TP393 
TP394 
TP491 
TP5002 
TP5002S 
TP5015 
TP5040 
TP5050 
TP5060 


TP8828 
TP8828F 
TP9380 
TP9383 
TP9386 
TP9390 


~TPM401 
TPM4040 
~TPM405 


TPM4100 
TPM4130 
TPM425 
TPR10 
TPR150 
TPR50 
TPV3100 
TPV3250B 
TPV364 
TPV375 


TPV376 
TPV376 
TPV385 
TPV387 
TPV394 
| TPV394A 
TPV5051 
TPV5055B 
TPV590 
TPV591 


TPV593 
TPV5Q5A 
TPV596A 
TPV597 
TPV598 
-TPV6080B 
TPV657 
TPV693 
TPV695A 
TPV695B 


Industry 
‘Part Number 


TPA0102-130 


TP304 
TP3040 
TP304S 
TP3093 
-TP3098 


TP3400 
* TP3401 
TP3401S 
TP3402 


BFW92A 
BFR91 
MRF580 
BFR91 
TP5002 
TP5002S 
TP5015 
TP5040 
TP5050 
TP5060 


TP8828 
TP8828F 
TP9380 
TP9383 
TP9386 
TP9390 


TPM401 


TPM405 


TPM425 


TPV3100 


TPV364 
TPV375 


MRF511 
TPV376 
TPV385 
TPV387 
TPV394 
TPV394A 
TPV5051 


TPV590 
TPV591 


TPV593 
TPV595A 
TPV596A 
TPV597 
TPV598 


TPV657 
TPV693 
TPV695A 
TPV695B 


TPA0102-130 


TPM4040 


TPM4100 
TPM4130 


TPV3250B 


TPV5055B 


TPV6080B 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Direct 
Replacement 


Metorola 
Similar 
Replacement — 


MOTOROLA RF DEVICE DATA 
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Industry 
Part Number 


TPV698 
TPV7025 
TRF559 
TRW2001 
TRW2001F 
TRW2003 
TRW2003F 
TRW2005 
TRW2005F 
TRW2010 


TRW2010F 
TRW2015 
TRW2020 
TRW2301 
TRW2301F 
TRW2304 
TRW2304F 
TRW2307 
TRW2307F 
TRW3001 


TRW3001F 
TRW3003 


| TRW3003F 


TRW3005 
TRW3005F 
TRW52001 


| TRW52101 


TRW52102 
TRW52104 
TRW52201 


TRW52202 
TRW52204 
TRW52401 
TRW52402 
TRW52501 
TRW52502 
TRW82504 
TRW52601 
TRW52602 
TRW52604 


TRW53001 
TRW53101 
TRW53102 
TRW53201 
TRW53202 
TRW53401 
TRW53402 
TRW53501 
TRW53502 
TRW53505 


TRW53601 
TRW53602 


 TRW53605 


TRW54001 
TRW54101 
TRW54201 
TRW54401 
TRW54501 
TRW54601 
TRW62601 


Motorola 
Direct 
Replacement 


TPV698 
TPV7025 
MRF559 
TRW2001 
TRW2001F 
TRW2003 
TRW2003F 


TRW2005 . 


TRW2005F 
TRW2010 


TRW2010F 
TRW2015 
TRW2020 
TRW2301 
TRW2301F 
TRW2304 
TRW2304F 
TRW2307 
TRW2307F 
TRW3001 


-TRW3001F 


TRW3003 

TRW3003F 
TRW3005 

TRW3005F 
TRW52001 
TRW52101 
TRW52102 
TRW52104 
TRW52201 


TRW52202 
TRW52204 
TRW52401 
TRW52402 
TRW52501 
TRW52502 
TRW52504 
TRW52601 
TRW52602 
TRW52604 


TRW53001 
TRW53101 
TRW53102 
TRW53201 
TRW53202 
TRW53401 
TRW53402 
TRW53501 
TRW53502 
TRW53505 


TRW53601 
TRW53602 
TRW53605 
TRW54001 
TRW54101 
TRW54201 
TRW54401 
TRW54501 


~ TRW54601 


TRW62601 


Motorola 
Similar 
Replacement 


ALPHANUMERIC CROSS REFERENCE (continued) | 


Motorola 


Motorola Motorola a a ae Motorola © 
Industry | ‘Direct Similar Industry _ Direct: Similar 
Part Number Replacement Replacement Part Number Replacement Replacement 

TRW62602 TRW62602 UMIL-70 MRF327 
TRW63601 TRW63601 UMIL1 eg MRF313 
TRW63602 TRW63602 UMIL10 MRF321 es 
TRW64601 TRW64601 UMIL20FT 7 MRF 163 — 
TRW64602 TRW64602 UMIL25 - MRF325 : 
TSD0105-50 TPM4040 | -UMIL3 | MRF5174 . 
TSP150 | MRFI150MC 0 | = PUMILS 8 oP MRF321 
TSP350 ~MRF1325M- UMILSFT. pe MRF 161 
TV60U ATV7050 - | “| UMOB-45 MRF646 
729401 | MWAIIO. ~-| UMOB-55 | MRF648 | 
729402 MWA120.. UTV005 - TPV596 
TZ9403 MWA230 | UTVOIO. TPV597° 
729404 MWA230 UTV040 TPV598 
UMIL-100 MRF329, UTV120 TPV695A 
UMIL-100A UTV150 TPV595A 


MRF329 
UMIL-60 | 


“MOTOROLA RF DEVICE DATA 
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MOTOROLA SALES OFFICES 
AND 
RF MARKETING HEADQUARTERS | 


| RF MARKETING HEADQUARTERS 
Phoenix, AZ 5005 E. McDowell Road : Lawndale, CA 14520 Aviation Boulevard 


Phoenix, AZ 85008 =—s_—wy | ~ Lawndale, CA 90260 
Tel.: (602)244-6394 — _ Tel: (213)536-0888 
SEMICONDUCTOR SALES OFFICES 

ALABAMA, Huntsville ........... - (205)830-1050 MISSOURI, St. Louis............ (314)872-7681 

ARIZONA, Phoenix ............. (602)244-7100 NEW JERSEY, Hackensack....... (201)488-1200 

CALIFORNIA, Agoura Hills........ (818)706-1929 - NEW YORK, Fairport........... . (716)425-4000 

CALIFORNIA, Los Angeles ....... (213)417-8848 NEW YORK, Hauppauge ......... (516)361-7000 

CALIFORNIA, Orange ........... (714)634-2844 NEW YORK, Poughkeepsie/Fishkill. . (914)473-8102 

CALIFORNIA, Sacramento........ (916)922-7152 NORTH CAROLINA, Raleigh ...... (919)876-6025 

CALIFORNIA, San Diego....... .. (619)560-4644 OHIO, Cleveland ............... (216)349-3100 

CALIFORNIA, San Jose.......... (408)749-0510 OHIO, Columbus/Worthington...... (614)846-9460 
COLORADO, Colorado Springs .... (719)599-7497 OHIO, Dayton ................. (513)436-6800 

COLORADO, Denver............ (303)337-3434 OKLAHOMA, Tulsa............. (918)664-5227 

CONNECTICUT, Wallingford....... (203)284-0810 OREGON, Portland ............. (503)641-3681 

FLORIDA, Maitland ............. (407)628-2636 PENNSYLVANIA, Philadelphia/ 

FLORIDA, Pompano Beach/ | Horsham. 203 cee eld oa Aes (215)443-9400 
_ Ft. Lauderdale................ (305)486-9775 TENNESSEE, Knoxville .......... (615)690-5592 

FLORIDA, St. Petersburg......... (813)576-6030 TEXAS, Austin..............-.. (512)452-7673 

GEORGIA, Atlanta.............. (404)449-0493 TEXAS, Houston ............... (713)783-6400 

ILLINOIS, Chicago/Schaumburg . ... (312)490-9500 TEXAS, Irving ........-02-0005- (214)550-0770 

INDIANA, Fort Wayne ........... (219)484-0436 TEXAS, Richardson............. (214)699-3900 

INDIANA, Indianapolis ........... (317)849-7060 VIRGINIA, Charloitesville......... (804)977-3691 

INDIANA, Kokomo.............. (317)457-6634 WASHINGTON, Bellevue......... (206)454-4160 

IOWA, Cedar Rapids ............ (319)373-1328 WASHINGTON, Seattle Access .... (206)622-9960 

KANSAS, Kansas City/Mission..... (913)384-3050 WISCONSIN, Milwaukee/Brookfield. . (414)792-0122 

MARYLAND, Columbia .......... (301)381-1570 

MASSACHUSETTS, Marlborough. .. (617)481-8100 Field Applications Engineering 

MASSACHUSETTS, Woburn ...... (617)932-9700 Available Through All Sales 

MICHIGAN, Detroit/Westland ...... (313)261-6200 Offices 

MINNESOTA, Minneapolis ........ (612)941-6800 

INTRA-COMPANY OFFICES 

ARIZONA, Scottsdale............ (602)949-3811 ILLINOIS, Schaumburg........... (312)480-3525 
FLORIDA, Boynton Beach........ (305)738-2535 ILLINOIS, Schaumburg/Industrial ... (312)576-5518 


FLORIDA, Ft. Lauderdale......... (305)475-6120 TEXAS, Ft. Worth .............. (817)232-6256 


| CANADA | ae 
SEMICONDUCTOR SALES OFFICES | | 
BRITISH COLUMBIA, Vancouver. . . (604)434-9134 ONTARIO, Ottawa.............. (613)226-3491 


MANITOBA, Winnipeg........... (204)783-3388 ~ QUEBEC, Montreal ............. (514)731-5483 


ONTARIO, Toronto.............. (416)497-8181 


- MOTOROLA RF DEVICE DATA 
9-28 


EUROPE __ 


RF MARKETING HEADQUARTERS 


Bordeaux, France 152, Avenue de la Jallere 
33300 Bordeaux 
France 
Tel.: (56)39-58-26 


SEMICONDUCTOR SALES OFFICES 


FINLAND, Helsinki......... Sie det (0)69-48-465 NETHERLANDS, Maarssen......... (30)439-653 
FRANCE, Paris ................. (1)4736-0199 | SPAIN, Madrid................... (1)458-1061 
WEST GERMANY, Munich.......... (89)92103-0 SWEDEN, Solna ................. (8)83-02-00 
WEST GERMANY, Nuremberg...... (911)64-3044 SWITZERLAND, Geneva........... (22)991-111 
WEST GERMANY, Sindelfingen...... (7031)83074 SWITZERLAND, Zurich ........... (1)730-40-74 
WEST GERMANY, Wiesbaden..... (6121)76-1921 UNITED KINGDOM, Aylesbury...... (296)395-252 
ITALY, Milansscss-i4 2 dation ede etree (2)82201 


ASIA/PACIFIC 


RF MARKETING HEADQUARTERS 


Kwai Chung, 14-16/F, Prosperity Center 
Hong Kong _ 77-81 Container Port Road 
Kwai Chung, N.T., Hong Kong 
— Tel.: (852)0-211-211 


SEMICONDUCTOR SALES OFFICES 


AUSTRALIA, Melbourne............ (3)887-0711 KOREA, Seoul................. .. (2)554-5118 
AUSTRALIA, Sydney............ ... (2)488-1955 MALAYSIA, Penang................ (4)374-514 
HONG KONG, Kwai Chung ......... (0)489-1111 SINGAPORE .............-.+-005- 294-5438 


KOREA, Pusan ................- (51)463-5035 TAIWAN, Taipei................-- (2)752-8944 


RF MARKETING HEADQUARTERS 


Tokyo, Japan Kowa Building 
5-2-32, Minami Azabu 
Minato-ku, Tokyo 106 
Japan 
Tel.: (3)440-3311 


SEMICONDUCTOR SALES OFFICES 


TOKYO 3.6. cocaine eee Shes (3)440-331 1 AISUG! .2de.2 Sa Gene <a (462)230-761 
OSAKE: 9334 oe eet ees (6)305-1801 Kumagaya ..........-..-0..000- (485)262-600 
NaGOYa 2 eens nea ew baled (52)232-1621 Tachikawa ..............000 08+ (425)236-700 
SeNGgal soe eas eee ee (22)268-4333 KYUSVUS tics tear h ee cee nee es (92)771-4212 


REST OF WORLD 
SEMICONDUCTOR SALES OFFICES 


BRAZIL, Sao Paulo.............. (11)572-3553 MEXICO ocean ee Ge See ed (525)540-5429 
ISRAEL, Tel Aviv................. 03-753-8222 PUERTO RICO, San Juan......... 809-721-3070 
MEXICO, D.F................00. (525)540-5187 
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